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THE MOON i 

General Notes.—The Moon ia the most interesting of all the heavenly bodies for a small telescope. Tn an opers 
ginsa the dark portions visible to the naked eye are seen to be the smoother portions of the Moon's surface the re 
mainder of the surface is a mass of craters of every size, from some of which brilliant white streake radiate for = great 
distances, Ths most atriking viewa are obtainable when it is about its first or last quarter, when the lunar 
mountains near the ferminaéor (or boundary between the bright and dark portions), cast long dark shadows which 
give « fine effect of contrast with the bright sun-lit parts. At the time of full Moon this contrast is lost, though the 
systema of rays or bright streake are then most in evidence, and an interesting field of study is the total, or nearly 
total, disappearance of prominent objects («.g., Maginus) for Qor3 days before and after ‘Fell,’ while others (notably 
the craters, properly so called, see p.31) can still be located by reason of their being brighter than their surroundings. 
This disappearance ia very noticeable in formations traversed by the rays or streaks, as in the 5. W. portion of the 
Moon. A low power should be used at first, for s general view of thedise, (See note on ‘Observing the Moon,’ p. 40). 

The Moon always presents the same side to the Earth, so that one side of the Moon is never seen at all,” Owing, 
however, to what is termed the Moon's /idration, or apparent awaying, due to the inclination of ita axis to its orbit, 
and to other causes, we sometimes s+e a little more on one side or another, so that altogether about six-tenths of the 
qurface is visible atone time or another, A full description of the Moon is quite beyond the scope of the present work, 
and the original works describing the features on the Moon's surface, such ss Nasmyth's, Neison's, Goodacre’s and 
Proctor’s Joon, are now out of print. Current works are Vamed Lunar Formations (Miller and Blagg), Wilkins 
and Moore's Map of the Jfoon, and Photographie Atlas of the Moon (Kuiper), University of Michigan. 

Lunar plains, the darker and smoother portions or the surface, were wuppored by the early telescopists to be 
seas—which they much resemble under very low powers—and were named accordingly, More perfect instrumenta, 
however, revealed that the supposed seas were simply vast plains, by no means level, or smooth, possibly once the 
bottom of lanar oceans. 

Lunar mountain ranges and peaks are much higher in proportion to the moon's diameter than terrestrial ranges 
are to the earth's dismeter, some of them attaining « height of about five miles. The most conspicuous range is 
Tha Apennines, in the northern hemisphere of the moon, which rises like a wall from the Mare Jmbrivm It is about 
600 miles long, and its highest peake attain » height of 39 miles—the heights being found by measurementa of their 
long sharp shadows, nearly 100 miles long. 

Lunar craters, wluch are such & prominent feature in lunar landscapes, are of all sizes from » hundred and fifty 
miles in diameter downwards, Craters often have one or more conical peake within the crater walls, of which 
Tycho and Gasendit are fine examples; the largest with fairly level bottom, and often no central peak, and with 
lower bounding walls than the orsters proper, are called walled plains, of which Plato is the best example, The 
interiors of the craters are usually lower than the surface outaide, but sometimes the reverse is the case. Frequently 
an old crater will be seen that has been broken into by a later one. 

Lunar rills are deep, winding, narrow valleya, resembling the bed of w dried up stream. Lunar clefts wppear like 
sracke on the smoother portions of the surface. It is difficult to realise that these hairlike marking» are sometimes 
fifty or a hundred miles long and up to 2} miles in width. The greater number of clefts are to be seen only in pretty 
powerful telescopes. aulta are closed cracks in the moon's surface, and are numerous, They are visible owing to 
the surface on one side of them being higher than that on the other. 

Lunar rays are the bright etreake which radiate from some of the principal oratera, Unlike other lunar festures, 
they are best seen about the time of full moon. The finest system of rays radiates from the great crater Tycho, in 
the southern lunar hemisphere, The strangest feature of these rays is chat they are everywhere on the same level as 
the reat of the surface, and traverse unbroken both crater walla, valleys, and seas No fully satisfactory explanation 
of their nature has yet been given. 

Position Angle of the Moon's Axis.—This sways some 25° on gach side of the hour-cirele every month, the ex- 
tremes being when her HA. is about 0 bre. and 12 hra, ie, when crossing the celestial equator: it is about zero when 
her R. Ais @hraand 18hre The amount is given in the * Moon's Physical Ephemerie’ in the Astronomical Ephemerta. 

Objects near the Limb,—Those near the N. lonar pole are best situated for observation when the Moon has 
its greatest south latitude (about 5°), and vice versa for the S, pole; those near the west limb when Moon's actual 
longitude is E. of (t.«., greater than), and those near the east limb when itis W. of (i.¢., fase than), the mean longitude 
The dates when any object near the limb will be nearest the centre, and thus most favourably situated for observation, 
can ba ascertained from the Astronomical Ephemeris, by finding the times when the favourable libration in latitude (p. 
30) is about 6°, and that in longitude about 7”: the Moon, however, may be below the horizon, or the phase unsuitable, 
* ‘The averted face of the Moon was first photographed by the Hussiansin Qwtebor 1950, by camersa inside one of their Lunik eaper inpeutal spheres, 
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Effects of Libration. At each recurring phase, though the positions and lengths of the shadows themselves have 
not changed greatly (lunar ‘seasonal’ changes being atmall, owing to the small inclination of the lunar equator to the 
Eoliptic, 14"), the Moon's latitude and longitude, &o., have altered. Libration has come into play, and we view the object 
and ite shadow from a different position than formerly, the variation amounting at ite maximum te over 20", through 
the combined effect of the displacement in latitude and longitude, Except at rare intervals, therefore, we do not re- 
observe objects under anything like the same conditions. When viewing the Moon, it should also be remembered that 
it a only near the centre of the disc that we see objects in their true form and dimensions, aa each object is more and 
more foreshortoned the further it is away from the centre, and, on the lin, is seen on! y in profile, 

The libration on any evening ean be found from the Astronomical Ephemeria in the ‘Moon's Physical Ephemeris,’ 
columns Earth's ‘Selenographic Lat. and Long.'!’ When the libration in longitude is +, the mean contre of the cise is 
displaced to the E., ie, the Mare Crisiom is farthest from the limb. When the libration is -, the mean contre is 
displaced to the W,, and the Mare Crisiui approaches the limb, Similarly, when the libration in latitude ia +, the 
mean eetre is displaced to the 4., i, Plato in furthest from the limb, and eice verna, for —_ 

Best Altitude Conditions.—For any given age of the Moon, there is w certain date in the year about which 
more favourable altitude conditions obtain than at any other time, though it is modified to some extent by the Moon's 
changes in latitude. This in due to the fact that the Moon's average path coincides with the Ecliptic, so that on 
any given day, her altitude above an observer's horizon at culmination, will, on the average, be exactly the same as that 
of the Sun at noon on the date when he has similar R.A, The following Table indicates approximately the most 
favourable dates for observing the principal phases: (S. Hemisphere, transpose April, Oct.: and July, Jan.) :— 





N. Hemisphere:— | Moon 3-4 days old.) First Quarter. Fall Last Quarter. | 25-96 days, 
Most Favourable | End of April Vernal Equinox | Winter Solstice | Autumnal Equinex| End of July 
Least as » October | Autumnal ,, Summer ,, Vernal af » January 








The Fosition of the Terminator on the Moon's equator, corresponding to various ages, can be obtained 
from the * Moon's Physical Ephemeria,' ‘Sun's co-longitude' column, in the Astronomical Ephemeria {in conjunction 
with o lunar chart having selenogrephio latitude and longitude lines), by using the following rule :-— 


Sun's Co-longituds Prom 1— Poasitien of Terminator, 
O° to 90°, the figures in the Table give... - the terminator’s longitude Ki. of the central meridian (Sun rising), 
80" to 180", subtract the Sun's co-longit. from 160": anawer = ,, rs SS ‘. » (Sun setting) 
140° to 270", subtract 180° from the Sun's co-longit, 4 = " »o EB w " n (Sun setting) 
270° to 300°, subtract the Sun's eo-longit. from 340", ,, = » Ps a ee ao “ « (Sun rising), 


Repetition of same Phase of illumination, near the same bour, may be expected in about 2 and 15 lunations, on 
the average, but there are varintions—corresponding with the lengths of different lonations, which vary to and fro 
between 294 and 299 days. The mean lunation is jeat over 29} days, henoe, on the average, in the second lunation 
similar phase falla in daylight; in the third, it is 1) hours later im the evening than the firat, and so on. 1 mean 
lunation = 297125 44"; 2lunationa, 59414"; and 15 lunations, 442°23*, The mean interval from perigee to perigee, 
or mean anomalistio period is 27-55455 days, and dona not recur at the same phase till after 14 lanations (about 1:13 yrs), 
or about 14 months later in the following year, wo that ‘most favourable’ conditions gradually disappear for A period. 

Lunar Nomenclature Lunar objects are generally referred to the quadrant, or quarter of the dise, in which 
they are found, numbered [toTV,asonthe map. The principal formations have names of their own: other objects in 
the neighbourhood (also those inside or on a crater), not separately named, are denoted by the nearest crater name with 
a oman letter added, for craters or depressions, or a Greek letter, for peaks or elevntions—capitaln denoting ‘measured’ 
points. Thos ‘Aristoteles B’ in quite different from ‘Aristoteles,’ being « small crater some 50 miles N. of the latter. 
Greek letters are also used for rills, in conjunction with the crater names. 

Earthshine, popularly known as ‘the Old Moon in the New Moon's arma,’ is dus to rays of light refiocted from 
the Earth on the Moon's dark dise. It is stronger in the morning with Old Moon than in the evening with New Moon, 
and its variations are worth systematic study, as an index to the reflective power of the Earth's disc, which is lit up 
by the Sun, As the albedo of clouds is vary high (p. viii), unusual brightness of Earthshine probably indicates that the 
wun-illuminated hemisphere of the Earth ix much cloudier than nsual, and vice versa when Earthshine is faint. Farthshine 
is best xeen 3 to § days after New Moon in the spring, or before New Moon in the autumn, especially if the Moon ia moar 
perigee at the time, its brightness then being greatest. Earthshine is also known as 'dumiéere condrds," or ‘ashy light.! 

A very narrow ring of silver-white light, quite distinct from Earthshine, and encircling the whole lunar disc, is 
secasiousiiy visible for short periods when the Moon in within 2 or 3 days of New, 


THE MOON. 31 


Lunar Craters «re classified by Neison as follows, but the classes merge gradually into one another, and near the horder 
line either name may be used. 


Walled Plains (wv in Index below), diam. 49-150 miles (65-240 km.) like Plato, Usanlly surrounded by a complex system of 
wills: floor usually not much lower than outside, and comparatively level ; contral mountain often absent. Mostly 
in 5. hemiaphere. 

Ring Mountains (mr in Index below) diam, 16-0 miles (24-113 krn.), like RUmer. Walls low and broken, probably ruined 
walled plese. 

Ring Pains (rin Index below) diam, 20-60 miles (22-07 km.), like Copern ie, comprisethe majority of the larger lanarcraters 
More circular and regular than walled plains; single principal gonerally; outer slope small, interior ateep and usually 
terraced. Floor nearly always mach lower than outside, and comparatively level. The lunar formation is 
Newton, rim 23,000 feet (TOO) metres) above the floor, In Wargentin, the floor ta practically level with the top of the wall, 

Crater Plains, diam. 10-20 milea (14-32 km.) Brighter, and with gentler outside slopes, than craters proper. 

Craters proper (co in Index), dinm, 8-15 miles (8-24 kem,), like Aeseet, Circular; outer slope steeper, but the interior fille 
mor gradually than in crater plains. Floor small, with ‘volcanic’ cone ; very bright near Full. 

ae diam. Gmilea (Skm.) downward. Craters in miniature: morely a convenient sub-division, indicating very 
8 crnters. 

Crater Pits, or ' Pita,’ diam. as craterleta, but up to 11 miles (18km.). Very shallow depressions, outside slope hardly 
perceptible, Jepremiona difler from crater pita in having oo sign of walla whatever, and may be many miles or 
kilometers across, 

Crater Cones, Steep conical panka, diameter 4-3 miles (1-5 lem.), with narrow central opening, which is very diffentt 
to ses, Théy appear on mountain ridges, and on orater walls and floors, and aro very bright oear Full) For fuller 
detnils, see the reference boola, given on page 28. 

Lunar ‘Seas,’ Valleys, &e. The Sinus [ridam, with great bordering cliffa, rising in peaks over 16,000 feet bigh, ie one 
of the finest objects on the Moon; it ia best seen when the Moon is 8 or 9 days old, 

Of the valleys, the Groat Alpine Valley ia the mast notable, Most olafia or rillz, and foults, are not visible in small 
instruments, but the Cleft of Hygiouws, and that of Ariadaus just W. of it, can be seen in a two-inch telescope, The ‘Straight 
Wall,’ 60 miles long and 900 feet high, ia a littl E. of Thoblt. Pico is a solitary peak on the Mare Imbrium, 

The Brightness of different parte of the Moon is an interesting study: it in valued in ‘degrees, ranging from 1°, the 
darkest—found tn Grimaldi and Riccioli—up to 10°, found in Aristarchua, the brightest object m the Moon ; Proclus ia 8°, 
O° is black shadow, The floor of Plato inderguen éieious changes in brightness as the Sun's altitude increases, 

The varying colours of the Seas may aleo be otudied, The prevailing tint of the Maria ia grey, more or leva dark, Mare 
Crisium being the darkest (14°-35, with a tinge of green, The brightest of the grey plains is Lacus Somniorum (34°-4") ; 
Palus Somuii, equally bright, is of a yellow-brown shade. The Mare Berenitatia, the contre of Mare Homorum, and part of 
the Sinus [ridum, bave a dark greenish colour, and the Maro Crisium o lighter green ; the Mare Frigoria ia a yollowiah-green. 

Centres of Principal Ray Systems. <Aristarchus, Aristillus, Byrgine A, Copernicus, Euler, Kepler, Messier, Proctus, 
Timochuris, and Tycho, Eucliden and Landsberg A are surrounded by a» ‘nimbus,' or bright patch. 

The Mean Centre of the Moon, or intersection of lunar meridian O° with the lunar equator, can always be readily found, 
as it is approximately the point equidistant from the three craters, Herschel, Schrijter, and Triesmecker. The lucar oquntor 
is very nearly the line drawn through Rhaticus and Landsberg ; lunar longitude 0°, « line drawn through the centre of Walter 
and the E. aide of Aristillos. 

Diameter of Craters. The diameters, given in miles, are approximate, as authorities sometimes differ, owing to irregular 
shape, &e, For the letters r, w, ¢, de, seo above, 
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THE PLANETS, 


The Astronomical Ephemeris (A.E.), gives much useful planetary observing information, Under ‘Phenomena’ are the 
dates of opposition, conjunction in R.A. with the Sun and Moon, elongations of Mercury and Venus, &c,; there are Cocultation 
Tables, with latitude-limita of obseryability, and those seen at certain stations; also Sunrise, Sunset, Moonrise, Moonset, and 
Twilight Tables, for latitudes O° to 60°. The ‘Physical Ephemeris' Tables give the position angle of the axis, planetary 
meridian on the centre of the disc, magnitudes, configuration and eclipses of the satellites, &e,: also :— 

Mars and Jupiter. The angular amount of phase, (always on the W. side from conjunction to opposition, and on E. side from 

opposition until conjunction) is given by column q; the linear (=areal) fraction of the disc illuminated, by column &, 
Column D@ gives the number of degreas the planet's N. pole (+), or 8. pole(—}, is turned towards the Earth: mazimum 
about 25)" for Mare; 4" for Jupiter; 29° for Saturn; but largely nullified by foreshortening. 0° = both polés on limb, 

Jepiter's Satellites, Configuration: © at the side indicates ‘In transit’; @ ‘In occultation or eclipse,’ The Phase diagrams show 

the position of each satellite during the month by s * (change slight, except near opposition), of the pointa where the 
satellites dismppear in, or emerge from the shadowt; ¢ (ord) is the point of disappearance; f (or r), that of reappearance 

Saturn's Rings, Column B (Saturnicentric latitude of the Earth) gives the angular ‘openness’ of the rings, 0" when jnvinible, 

about 28° fully open. Column #’ is the Sun's elevation above the ring-plane; the rings are invisible when Aor B’=0"; 
and also when 5 (Earth) is + (North), and #' (Sun) ia — (South), or vice verti Pouition angle of azia is same as column. 

Hour of R.A. on the meridian at mean midnight (Sidereal Time), for each day; from this, tht at other hours can ba found. 

Rising or Setting of Planets, From the .V.d. time of meridian pasaage, subtract (or add) the sermi-diurnal arc (see p. xiv). 

Astronomical Terms; The Calendar, ‘The student should read the very interesting article on these subjects in the Appendix 

to the British W.4,, which aleo contains, for the advanced, an elaborate prec of formule used in the Almanac, 

Heliocentric longitudes and latitudes, and radius vectors, giving orbital positions and distances with reference to the Sun, are 

given annually in the dutronomical Hpiemeriz, The British VA. publishes them for twenty years in advance, 1917-40 in 
V.da, 1015-17 (Mercury annualty, till 1938): 1941-60, alao 1900-1940, in-special volu, Earth's heliocentric longitude, nee p4. 

General Notes.—The Major Planets, 50 called to distinguish them from the Asteroids or Minor Planets, none 
of which exceeds o few hundred miles in diameter, are Mercury, Venus, Earth, Mara, J upiter, Saturn, Uranus, 
Neptune, Pluto. The tirst four, and Plate, are sometimes distinguished as the Terrestrial Plancis, as their sizer are 
comparable with that of the Earth, the others as the Giant Planets. They are always near the Ecliptic except Pluto, 
within the Zodiac (p.3), and are readily distinguished from fixed stars, as they do not twinkle unless low down; their 
apectra are those of reflected sunlight, with bands dus to methane in all the giant planets, and ammonia in Jupiter 
and Saturn (p.J5). Their constantly-changing positions are easily found by the R.A. and Declination given in almanacs, 

Unlike the Moon, which souths about 38 to 66 minutes (mean, 504) later ench day, the Superior Planets (Mars, the 
Asteroids, Jupiter, and those beyond) south earlier, on the average, ench night, appearing to move nearer the Sun daily 
when E. of him, but further away when W. of him, and being lost in hia rays for some six weeks annua!ly—Marn, 
and the asteroids in general, for months, biennially, having long synodic periods (see below), 

The Superior planets are best seen when in opposition, southing about midnight ; the Jnferior Planets (Mercury 
Venus), about the times of greatest elongation. Opposition or greatest elongation may occur at any time of the year 
but the nearer they happen to one date in a certain month (Superior planets, that on which the Earth’s heliocentric 
longitude is about the same as that of the planet's perihelion) the larger and brighter is the planet- many years, how- 
ever, elapse before the most favourable conditions recur. For Magnitude variation, see pp. 17 and 41, 

The Solar System (see also p, viii), —The figures below are mostly (or, based on) those of the Astronomical Ephemenia, to which. 
refer (or to the yearly 4.4.4. Honadbd.) for greater precision, The larger of two diameters ia the equatorial, the smaller the polar, 

Sun.” Diameter, 565,370 miles, 1,392,700 km,; Moon, 2162 miles, 3440 km. Density: (watere 1) Sun, 1-41; Moon 3°34, 
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The Paths of the Planets on the Star Sphere. As seen from the Sun, these (their heliocentric paths) are, for ordinary 
purposes, unchanging, and each intersecta that of the Earth (the same aa the Ecliptic) at two practically fixed points, the nodes, 
The heliocentric paths are also approximately the average paths of the Superior planets, as seen from the Earth (see below). 

Planets wittain their greatest heliocentric latitude when about 90° longit. from the nodes, and remain longest (lengthens as the 
eccentricity) on that side of the Ecliptic in which aphelion lies than in the other, partly because the node-aphelion-node distance 
ia greater (slightly, woless eccentricity is great), partly because the mean motion is slower, If the node-perihelion angle (w) is 
greater than about 180°, apbelion isin the N, celestial hemisphere (Mars, Jupiter, Saturn, Neptune); if lees, in the Southern (Mercury, 
Venus, Uratus, Pluto); in the former, the altitude at favourable oppositions is best for Southern, in the latter for Northern obaervera. 

As seen from the ‘Barth, the Superior planets reach o latitude above or below the Foliptio at least equal to the inclination of 
their orbita, and each follows the heliocentric path more and more nearly the lens its parallaz—ie., the remoter the planet is from 
the Sun; thua their geocentric paths are confined to a very narrow strip on the star aephere—Mare excepted (see below), 

Mercury and Fenus, which circle the atar sphere with the Sun, have the Ecliptic for their average path (approz.), and attain 5° 
and §", rexpectively, from it if max. heliocentric latitude occurs with Earth about heliocent, longit. 318° (Mere. ), 166°, 346°( Venus), 

The Earth's everchanging position in ber orbit, may, ax seen from her centre, dixplace the Superior planets from their helio- 
centric positions (a) E. or W. by an amount about equal to the Earth's annawal parallax (p. 14)a0 seen from the planet; (b) N 
or 8. by a amall samount—greatest about perihelion opposition, amallest about conjunction—except for near-by Mars, which at 
opposition may be some 3° to 6° N. or 5. of the heliocentric path; Jupiter's maximum is about }°. And an the Earth's mean daily 
orbital motion of 1° exceeds those of Mara and the asteroids by 4° or more, and thowe of the other Superior planeta by well-nigh 1°, 
(eee Table, p. 32), when Earth and planet are on the aame side of the Sun and in the same line, et opposition, the Earth owtrune the 

planet, causing it appareotly to retrograde on the star sphere—before and after opposition, also, for some time, The combined 
Sine? tne Earth and « planet make the latter's path on the star aphere, sa seen from the Earth, a looped or sigzag curve, 

Mercury is always so close to the Sun that, even when most favourably situated, he is only observable for about 
two hours (naked eye, }hr,) after sunset or before sunrise, and that at » very low altitude, eapecialiy in higher 
latitudes. His very ecoontric orbit causes his greatest elongation (G.E.) from the Sun to vary from 18° to 28° —the 
latter one being at aphelion, when be ia 8, of the Celestial Equator, and best seen by Southern observers. In temperate 
latitudes he is most favourably placed near the Equinoxes, as an evening star in spring, some days before G.E—one 
in April being best, or as a morning star in autumn, some days after G.I. (in the 5. hemisphere, Oot. and April). 

Mercury has phages like the Moon, and is mag. —-1°8 when in perihelion near superior conjunction (but very near 
the Sun); at G.E., the average isonly + 0-2, Sidereal period 683 days; synodic, about 116 dys, (Rotation, ace below), 

Venus, the brightest of the planets, sometimes seen in broad daylight, may even cast a shadow ; her faint mark- 
ings (very doubtful if permanent featurea) are difficult to observe owing to lack of contrast, but her phases can be 
studied in # small telescope or good opera ginss; examine in daylight—which diminishes the glare—or soon after 
sunset or before sunrise. Her greatest brilliancy ia during the crescent stage—as an evening star about a month 
after, or ana morning star bvfors, greatest elongation, which at maximum ia 47", (G.E. never occurs at nearest to Earth), 

The maximum magnitude(—4-4)ocours about every 8 years, when Venus isin perihelion near the end of December, 
and 8, of the Celestial equator as a morning star, therefore more favourably situated for Southern observers; ahe is 
then twelve times brighter than Sirius; she is slightly fainter when in perihelion about the middle of March as an 
evening star, when Northern observers see ber much higher above the horizon, Her apparent motion is so slow—the 
synodic period being about » year and seven months (584 days)—that she remains visible or invisible for several 
months, unlike Mercury, which rapidly dissppears in the Sun's rays, Sideresl period, 224-7 days; rotation, see below. 

A faint luminestty, like Earthehine on the Moon, cooasionally reported aa visible on the dark aide, in now attributed to ocular commen, 

Recurrence of Greatest Elongation.—For Mercury, the most favourable elongation occurs about every 7 years; for 
Yoous about every 4 yeara, The intervals between greatest E. and W. elongation are very unequal :— 

Greatest E, to greatest W, elongation, inferior conjunction between :—Mercury about 44 days; Venus 144 days 
WwW. a E. = superior A“ 72 « ov 40 , 

Mare is of little interest in o smal] telescope exoept in or near pppasition—when his angular diameter is 13" to 
25"; this occurs every 780 days on the average—nearly two years and two months, the longest (major) planetary aynodio 
period ; the sidereal period is 687 days, Favourable oppositions come every 15 or 17 years, the best about Aug. 26th 
(from 1924, very favourable), when Mare exceeds Jupiter in brightness, attaining mag. -2°B, but aa his dise is even 
then only half the diameter, little detail ia seen in small teleecopes. The mean and minimum opposition magnitudes 
wary between - 2°25 and - 1-0, while in conjunction with the Sun he is only 2nd magnitude, Except near opposition, 
Mars is more or leas ' gibbous’—1,«,, not fully, but more than halfillumined—greatest when he is in quadratare (90° 
longitude, or 6hrs. R.A from the Sun); only 0-34 of the digo ia then illumined. Mara haa two tiny satellites. 

On Mars’ ruddy disc, dark greyish-green markings—once thought to be seas, but now supposed to be marshes or 
vegetation mreas—can be seen, and one or other of the bright, white polar spots (probably snow-caps, perhaps partly 
boar frost) in a striking featare ; occnaionally both caps are visible. The finer so-called ‘canals'—an anfortunste trana- 
lation of Schiaparelli's canali, ‘channels,’ notnecessarily artificial —areinvisible inamall telescopes,and though somesrcu 
to result from real markings, the tendency ia to regard them as partly duo to ocularcauses, Kutation period, 24b. 7-4m. 


Rotation Periods of Mercury and Venus.—Merowry's rotation period is believed trum radar olservaticns to bo 6545 
dave, and that of Venus 24745 days, in a retrograde direction. 
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Jupiter is o fine object for small telescopes, with his elliptical dine, darker at the edges than in the centre, and 
‘parallel belt’ markings ; when in quadrature (p. 5) the limb ia very slightly shaded, owing to ‘phase.’ The rotation 
period is 9h, 50-Sm., near the equator (System L., W.A.}, and 9h. 55°7m, in the temperate zones (System I1.), 

For reference, the disc in divided into the N. and &, Polar Regions ; the Myuatortal, Tropical, and Temperate Zones, crosped 
by soven darker * balta'—via., the narrow Equatorial Hand ; the Lguatorial (V. and &.), and Temperate (NV. VN. 8, 58.) Batts, 

The Great Red Spot, seen in 1857, first prominent in 1878, was an oval about 13° by 3° (30,000 by 7000 miles), and 
ite rotation period has varied by several seconds. Bright red till 1881, by 1892 it had faded to a pale orange, and 
has since shown little colour. In 1919-20, remarkable and rapid changes occurred in this region, the Spot disappearing 
and reappearing again, It has generally been econ in a ‘hollow’ or ‘bay' in the 8. side of the 8S. Equatorial Beit, 
end « durk marking, the 5. Tropical Diaturbanes, periodically overtakes the Spot and accelerates ita motion. 

Jupiter's syndic period being about 399 days, in successive years oppositions teke place o month later in the 
season, the most favourable being every 12 years, in Sept.-October; his magnitude ia then — 2:5, compared with about 
- 9-3 at mean opposition, Minimum mag., when in conjunction with the Sun, about —- 1:2. Sidereal period, 11-86 yrs. 

Jupiter's Satellites or Moons.— Hight of these are seen only in great telescopes or on photographs, The other 
four (about mag, 6, and numbered from the planet 1, If, IIT, TV) are visible in an opera glass: they are all eclipsed by 
Jupiter's shadow (not instantaneously), I to I] once every revolution, Sometimes o satellite ‘transite’ or passes 
acroaa the planet's dise, appearing, as it enters or leaves the disc, as a bright spot on a dark background (the limb or 
edge of the planet being darker than the centre), while later it may disappear, if the background is similar in bright 
meas and colour; it may also show asa dark spot. ‘The shadow also transite the disc as a dark spot, which is apt to 
be taken for the satellite itself; sometimes both satellite and shadow are seen transiting at the same time, 

Qoeuwltations, when the satellites pase behind the body of the planet, are frequent, but of little interest, though, 
when Jupiter ie in or near quadrature, the satellite may disappear, or re-appear, alightly away from the apparent 
limb owing to the ‘phase'—which is on the west side before, and on the east side after, opposition, 

Saturn is also a fine object for amall telescopes, The disc is even more elliptical than that of Jupiter—seen 
fally only when the Earth is in the plane of the rings—but is only slightly darker at the edges than in the centre. 
Faint parullel-belt markinga may be discerned, and occasionally bright or dark spots, but his special feature ie the 
wonderful Ring system, divided in two by a dark line-like marking known os Cassini's Divigion ; it ia just visible in 
a 2}-inch refractor when the rings-are fully open. The projecting ends of the rings are called the Anew; the ono facing 
im the direction of the planet's motion, in the field of view, is the ‘preceding’ ansa, the other the ‘following’ one. 

The principal rings are designated A (the outermost) and B which in brighter; A ia divided by » narrow dark 
line known as Fncke's Division, not easily seen, A third ring C, the dusky Crape, Crepe, or Gouss King, nearest 
the planct, requires at least a 4-inch telescope. The rings are not solid as was once supposed, but myriads of tiny bodies 
revolving round the planet; the actual thickness of the rings is not yet known; estimates vary from 10 to 50 miles, 

Saturn Ringles.—Twice in the course of Saturn's 294-year siderea] period, at intervals of 13} and 159 years (from 
1936), the rings present their edge (a) to the Sun, (4) to the Earth, or (¢) turn their unillumined side towards the 
Barth, and become invisible in ordinary telescopes—even in the largest telescopes, when edgewayas to the Earth—for 
a dey or two; Saturn is then in heliocentric longitude 172" or $52", in the constellations Leo or Aquarius-Piaces, 
About 8-7 years later, when be is in the constellations Taurus or Sagittarius (long, 62° and 262°) the rings are fully 
open, and he is st his brightest (see p. 17), The most fevourable conditions for brightness and openness are when 
Saturn is in opposition at the times of perihelion (longitude 91°), and greatest openness, which, for the same longitude, 
only occurs every 29-30 years (from 1943), The Earth is in longitude 82° and 91°, about Dec. 15 and 24, with Satarn 
M. of the Ecliptic, and in 262° about June 14, when he is 5. of it: oppositions about these dates will therefore be 
favourable, but those in the observer's summer will be at low altitudes, As Saturn's aynodic period is 378 days, 
oppositions recur only « fortnight later in the season each year, giving for some yearan succession of the beat brightness. 
conditions. .At the time of ring-invisibility, the Earth may pass (or almost pasa) through the ring-plane thrice in the 
course of a year, the central one being near longitude 172" or 352", the othera months before or after (see Table p, viii), 

Saturn's magnitude varies with the apparent width of the rings; mean opposition about+ 093, max, - 0-4; ring. 
less, from 0°65 to 0°87. His rotation period varies with the latitude, averaging about 10} hours, Herschel I. gives it 
ar 10h, 16m,; Hall (1876) 10h, 14m, 24s, for lat, 10°; Denning (1903) 10h. 37m. 56s." Bidereal period, 29-46 years. 

Saturn has ton satellites; a very amall telescope shows Titan, the brightest (mag. 8:3); a 3-inch, or even less, 
Rhea (mag. 10-0); « 4-inch, Tethys, Dione, and Ispetus (mags. 10-6, 10-7, 10-9, respectively); the others are mag. 12-15, 

Uranus and Neptune are of little interest to the ordinary observer, being so distant that their amal) discs are 
visible only in telescopes over 4 inches, their satellites in large ones, Uranus, being mag, 6, is visible to the naked 
eye; Neptune, mag. 7, in an opera glasy, Their mazimom and minimom brightness differ only by about 0-5 and 0-2 
magnitude, respectively: their angular diameters also vary very little, Uranus has five satellites, Neptune two, 

Pluto, discovered 1930, has a very eccentric and highly-inclined orbit (17°); at perihelion (in 1989) he comes 
aearer the Sun than Neptune, His magnitude (seema variable) and appears to range from about 122 to 153, The 
diameter of Pluto ia about 4,900 miles, 





THE PLANETS. ah 


Planets X, 0, P, &e, Ultra-Neptunian planets, augeeated by planetary perturbations and cometary analysis, 
Pluto represents Lowell's ‘Planet X' (1915, mass much less); for the others, see H.A,, vol, 61, P.A., vol. 40, 1932, 
The Asteroids, or Minor Planets, being very minute, are all invisible to the naked eye, except Vesta (oppos. 
tag. 62); the largest Ceres, is 480 miles in diameter, but the great majority are well under 50 miles, They ocoupy 
the povition where ‘Bode’s Law’ (p, viii) indicates » planet ought to exist, and may possibly be the remains of one. 
Unlike the Major planets (except Pluto), their orbits vary greatly in inclination to the Ecliptic and in secentrieity 
Aidalye (WA) having an orbit-inelination of 43", and an secentricity of 0°65 (exceeded by that of ddonss, see below), 
New asteroids may receive names, but are only numbered (symbolised thus, @, roughly in the order of discovery) when a 
antisfactory orbit has bees obtained : for the temporary nomenclature, see p. ia. Cver 1600 asteroids are now listed. 

Eros (4st), diameter about 15 miles, and perhaps S-shaped, or irregularly coloured, as its light varies, rotutes-on ite 
axiain 5} hours, Ita orbit ia so eccentric that when nearest the Earth it is about half the least distance of Venus, or 
14 million miles; it is then about mag. 7, bat is usually beyond the reach of small telescopes, the mean opposition mug- 
nitude being mag, 10. The nearness of Eros makes it of great importance for accurate measurement of the Sun's distance, 

Amor ( Delporte Planet 1982 EA), not more than 3 miles in diameter, approaches within about 10 million miles 
of the Earth—4 million miles nearer than Erow does, It may be in opposition twice in a year. Period about 2} years, 

Apolle (1982 HA), a Reinmuth planet, about a mile in diameter, may transit the Bun, ss its orbit comes slightly 
within that of Venus, At times it may come within 3 million miles of the Earth, Its period is about 17 years. 

Adoni (1938 CA,), a second Delporte planet, in 1956 was only 138 million miles from us. The eccentricity 
(0°76) of ite orbit is such that it comes close to the orbit of Mercury and travels out as faras that of Mars, It in 
probably under haifa mile in diameter. Period about 2°57 years. Inclination of orbit, 1°26’. It was favourably 
placed for observation in June 1944, but search for it was unsuccessful. 

Herman, discovered by Reinmuth in 1937, approached nearer the Earth than any other known planetary body 
except the Moon, coming within 485,000 miles of us, 

Tcarns, discovered photographically by Baade in 1949. An orbit has been calculated showing that the planet 
moves within 20 million miles of the Sun (much closer than Mercury), while at the other extreme of its elliptical 
orbit it is about 177 million miles from the Sun. Period 409 days; inclination 23°. It sometimes (as in 1968) 
pasics within 4 million miles of the Earth. 

The Trojan (or Jupiter) Growp of asteroids, mostly named after Trojan heroes, is noteworthy for its members 
revolving in stability equidistant (approx. }from the Sun and Jupiter, though their orbits are very near that of the latter. 

Planetary Radiation.*—A« Jnsolation of a planet is the total radiation it receives from the Sun; of this the 
planet (a) reflects much solar radiation of short wave-length, i¢,, the ultra-violet, visible, and shortest infra-red ware- 
lengths up to say 1-4e (= A14,000); and (4) absorbs the reat, then re-radiates it as Planetary Radiation of long wave- 
length, ie, invisible low-tempersture heat-rays, which may include the planet's own radiation, if any: thus (b) is the 
méasured total radiation dese the amount of (a). A lom. water cell placed in the beam of the planet's radistion 
transmits (a) bat absorbs (4), thus enabling the amount of the latter to be measured, As an atmosphere acts as « 
blanket, the planetary radiation of atmosphereless planets will be high; that of those with atmospheres will tend 
to be small, lessening the denser and cloudier the atmoaphere, Quartz and fluorite screens, which transmit longer 
wavelengths than the 1-4, of the water-cell (to 4*1a and 12» respectively) are also used in these investigations, 

Jupiter and Saturn emit 6 per cent of planetary radiation ; Mara has about 50%/, indicating a thin atmosphere, 
Venua, about 8% on the bright side, The Moon and Morcury give 745/, suggesting similar physical condition. 

Planetary Temperatures.—Mercwry under the vertical Sun is about §85°K. (412°C., T74°F., above the 
melting point of lead), at perihelion, and §55°K. (262°O., 540°F.), at aphelion; his dark aide must be very cold, 
practically no beat being measurable. Fenus differs littl on the bright and dark sides, her temperature being about 
871°C, (700°F.); we ovicdently only see the upper surface of « cloud-layer in the isothermal region. Mars, under the 
vertion! Sun, is 21°C. (70"F.) at perihelion, but only —6"C; (21°F.) at aphelion, when the temperature at the poles m 
about — 70°C, (-94'°F,). Jupiter and the other giant planets are evidently cloud-covered like Venus, but their 
temperatures are naturally lower, Jupiter being about —150°O. (-202°F.); Saturn, though much further from the 
Sun, some — 120°-150°C. (—184"-238"F.), thus seemingly emitting some heat of his own; Uranus and Veptune, 
some — 190°C, (-—310°F.) and —220°C. ( - 364°F.) respectively. 

Planetary Atmospheres.—The Asteroids, and even Meroury (probably, the temperature being high). 
having masses too small to overcome the 'velocity of escape’ (p.24), are atmospherelesa, If Mercury has an atmosphere 
as faint transient markings (perhaps dust from volcanoes) suggest, it is so tenuous that thesolar spectrum is unaffected, 

Fenus has carbonic acid gaa in her atmosphere, but seemingly nooxygen or water vapour in the observable regions. 

Mars,—The denaity of hia atmouphere at ground surface is estimated as not exceeding that of the Earth ata height 
of 11 miles, but it is probably much less; clouds form in it and disappear, and both oxygen and waver vapour are be- 
lieved to be present, and were reported as having been cheerved in 1924, but later observations failed to confirm them, 

The Giant Planets’ atmospheres, ao far as they are penetrable, are probably largely composed of hydrogen, and all 
contain the not easily condensed methane (marsh-gas, CHY,), the quantity increasing the further the planet is from the 
Sun's warming radiation. Jupiter, with the highest temperature, and to a lesser extent Saturn, also contain ammonia, 

* See Lowell Obs. Bulletin, No, 86, 1920. 


Bs METEORS AND COMETS. 


Planetary Surfaces.—Only the cloudy upper regions of the Giant planets and of Venus are visible, but the actual 
surfaces of the Moon, Mercury, and Mars, are seen. The polarimeter curves of the three latter are strikingly eimilar 
to those of volcanic ash and pumice, From their albedos at different phases, the surfaces of Mercury and the atmosphere- 
ivax Moon seem to be very similar, as might be expected, and are rather rongh; that of Mars seems to be fairly smooth, 

Meteors or Shooting Stars are of all degrees of brightness, from the faintest, Insting an instant, to the dolide or 
brilliant fireball, lasting several seconds; those that reach the Earth are called aerolites, Meteors may appear in any 
part of the sky, but there are cartain well-marked points on the star sphere from which showers of metoors come every 
year at cegular dates, when the Earth returns to the same port of its orbit, These showers are named from the con- 
stellation in which lies their Radiant Point or Aadiant—so called bocanse the meteors of the shower appear to 
radiate in all directions from that point in the sky. Many hundreds of radianta are known; the Table on p, 43 gives 
a fow of the principal showers that may be looked for, and the approximate position of their Radiants, Those inter- 
ested will find « long list in Webb's ‘Celestial Objects,’ In colour, the average meteor is more or leas white, and is 
estimated to weigh not more than a single grain, from brightness and velocity considerations. 

The meteors for any particular radiant mostly exhibit the same general characteristics year after year, There 
are, however, considerable differences between various showers, In some, the meteora move very swiftly, in others, 
they move comparatively slowly; in some, the average meteor is faint, in others, a proportion of fireballs may be ex- 
pected, Streaks or trails are characteristic of some showers, while occasionally o bright slow-moving meteor seems to 
travel ina wavy path. All these points should be noted in meteor observations, but in recording the apprarance of s 
meteor, the unskilled should note that it is much more important to describe exactly ita apparent path or track among 
the stara, from beginning to end, than ite physical appearance, The eame shower may also vary considerably in point 
of numbers, being quite conspicuous one year, and hardly visible the next, or for years in succession, On the other 
hand, some showers of considerable steadiness sometimes flash into greatactivity at-intervala, the Leonida for instance, 

Meteors are generally twice aa frequent ot 60m. as at 6p.m,, because at the former hour we are facing in the 
direction of the Earth's motion im its orbit; in the latter, to the rear, They usually appear from 50 to 80 miles above 
the Earth's surface, and, on the average, disappear at 40 or 50 miles (See Notes on observing meteors, p. 43). 

Comets vary in brightness, most of them being visible only with the aid of a telescope. A comet ia gonerally 
Gret discernible an a minute, faint, misty patch of light, so moch resembling o oebule that it is only identified ms 
a comet when found to be in motion, but sometimes even a very large comet escapes detection at first by approaching 
o« in the line of the wun. The essential portion of all cometa is the coma or head, the misty patch of light already 
mentions In addition s mucleus may develop as it approaches the aun, ie. a bright Aame-like or star-like appear. 
ance within the coma, and aleo a tail, or sometimes several taila—which always point more or less away from the sun, 
oo matter whether the comet is approaching or receding from the sun. The tail usually appears aan curved hollow 
cone, decreasing in brightness as it widens out. Both nucleus and tail, when present, increase in sine and brightness 
a» the comet nears the sun, and decrease os it recedes from the won; eneslopes, or wtratificntiona of the mist round 
the nucleus, expecially on the side towards the sun, may aiso appear as the comet approaches perihelion. Neither 
oucleus nor tail, however, is necessarily present. Several comets are connected in some way with meteoric showara. 

Periodic cometa—thore which revolve round the sun, and thus appear at regular intervale—are known by the name 
of their discoverer (as Aolmes’ comet), or discoverers at two different returns (as Pons-Brook's comet), or discoverer or 
investigator of the periodicity (na Halley's and Aneke's Comets), Tempel 1 (1467), Tempel IT (1873), indicate two din- 
coveries by the same observer. Aisla's comet (now loot), which divided im two, was known as Biela | aod LL. 

The Zodiacal Light —Except near the time of the equinoxes, this is not well seen in temperate latitudes, as ite 
axis in the sky at other times is comparatively near the horizon. It appears na a faint, hazy, conical, beam, some 
L5"-20° wide at the base, which nearly follows the course of the Ecliptic (not the Celestial Equator) on the star sphere, 
for 90° or more from the horizon a little south (8. Hemisphere, north) of where the Sun is below the horizon; in ite 
brightest parts, it ia two or three times as luminous as the Milky Way, but towards its extreme limite it in alwayo 
exceedingly faint, Ite brightness seema to vary from time to time, and it im brighter when observed within the 
tropica than in temperate latitudes, partly owing to ita being more nearly vertical to the horizon, and partly to the 
shorter duration of twilight, [tis beat seen Feb,-March (evening), Aug.-Sept, (morning) in the N. Hemisphere; in the 
8. Hemisphere, vice ers; the inexperienced are apt to mistake the glow of twilight for it, (See Notes on Observing) 
lo a very clear atmosphera, the Zadiacal Send, a narrower extension, joina tha Cogenachein (next page), thos extend 
ing the Light right round the star sphere, These phenomena are all nonally attributed to sunlight reflected from 
meteoric bodies, their spectra being mainly that of sunlight, bat two recent theories consider them, (a) a terrestrial 
‘tail,’ like that of a comet, dae to the Sun's light-pressure; (6) an atmospheric phenomenon at an immense altitude. 
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EFCLIPSES, de. Er 


The ‘Counterglow’ or Gegenschein is « very faint round patch of light, 10°-20° in dinmeter (1.«., larger than 
the ‘Great Square of Pegasus'=«, 8, y, Pasi anda Axpnomnps), or 40°-60" according to another authority, situated 
on the Ecliptic at the point diametrically opposite to where the Sun is for the time being, It is very difficult to see, 
and cannot be distinguished if projected on the Milky Way: choose a moonless night of exceptional clearness, when 
the Ecliptic is highest above the horizon, viz, in December and January. According to Barnard, it is largest aod 
brightest in September and October, (See a long paper by Barnard, in the Hnglish Mechanic, March 21, 1919). It 
also in probably due to sunlight reflected from meteoric bodies. 

Occultations take place when the Moon or a planet passes in front of some celestial body, shuttting it out from 
view, The Moon frequently ocoults stara; the disappearance, or immersion, is always on the E. side of the Moon, the 
reappearance, or emersion, on the W. side: sometimes (but rarely) the Moon occulta a planet. When the star is bright, 
the instantaneous disappearance and reappearance are almost startling: very rarely, the star seema to hang for an 
instant on the limb, perhaps chancing on some irregularity parallel to the Moon's motion. Duration, see next page. 

The Moon's (star) shadow is 2160 miles in diameter on the fandamental plane (p.3), and has no penumbra; it sweeps 
acrous the Earth from W. to E., in the direction of the Earth's rotation, which makes oceultations last longer than 
they would with a non-rotating Earth. The A. ocqultation list gives the parallels of latitude within which they are 
seen: near these limita, the amal) breadth of the shadow (oval, in general) confines visibility to a very limited district, 

Eclipses occur when (@) the Moon passes in front of the Sunt; (5) o satellite enters ite primary's shadow (the body 
blota out, in oocultations), and becomes invisible, though nothing intervenes, because the Sun no longer illumines it. 

In Solar Holipses—which, strictly speaking, are really occultations of the Sun—the eclipse begins on the west side 
of the Sun's disc, and the shadow sweeps ecross the Earth's surface from west to east; in Lunar £elipses, the eclipee 
begins on the east side of the dine, and ewoeps over it westwards. The umbra, or shadow, io the dark shadow on that 
portion of the Earth in solar, of the Moon in lunar eclipses, which, for the time being, reeeives no direct light from 
the Sun, The umbra shades away into the bordering penumbra or partial shadow, which covers those regions of the 
Earth or Moon whence the Sun would be seen partially eclipsed: the edge between them is never sharply defined. 

First Contact occurs, in « solar eclipss, at the instant when the discs of the Sun and Moon firat appear to touch, 
i.¢, when the eclipse begins: Last Contact at the instant of the end of the eclipse, In the case of « lunar eclipse, we 
have two First Contacta—at the instant-when({1) the penumbra, and (2) the umbra or shadow, first touch the Moon's diac; 
and similarly two Last Contacts, at the moment when (3) the shadow, and (4) the penumbra respectively leave the dise. 

The magnitude, or extent, of partial and annular eclipses is indicated by expressing the proportion of the diameter 
eclipsed as a decimal of the full diameter, at the time, of the Sun's or Moon's dise ; in solar eclipses it varies according 
to the locality, but in lunar eclipses it is the same at any place from which it is visible. 

In a total lonar eclipse, the magnitude is indicated as the ratio to the Moon's diameter at the time taken ns 1; any 
eclipse leas than 1 will bea partial one, while the maximam will be about 1:8, but this only occura when the Moon is 
simultaneously in perigee and on the Ecliptie. The further the Moon is from the Ecliptic, the ahorter is the durntion 
af totality, and the nearer the points of first and last contact to the lunar poles. 

Lunar Eclipses, when total and central, may leat oa long as 3 hours 48 minutes from first to last contact of the 
ambre, or up to 6 hours including the penumbral stage; the maximum duration of totality is | hour 42 minutes. 
Usually the Moon does not altogether disappear from view, even at mid-ecliper, but shines with a dull reddish-orange 
or greyish light, being ilaminated by sunlight refracted by the Earth's atmosphere: the colour and brightness depend 
on the amount of water vapour and clouds present in the Earth's atmosphere at the time, On rare occasions the clouds 
intercept all or nearly all the rays that would be refracted, so thet the Moon becomes nearly or altogether invisible. 

Solar Eellpses, both total and annular, are rarely visible from any given place, the ‘expectation’ being only one 
in 360 years. Some 3 or 4 hours elapse between first and last contact, but totality never exceeds 7m. 40 sece,, and 
annularity 124 minutes: both are usually much less. At the equator, both totality and contact-interval Inst about a 
quarter longer than at lat. 50°. The width of the zone of totality averages Jess than 100 miles, but where the Sun 
is in the zenith it may be about 167 miles.* Partial solar eclipses are of little interest, the Sun merely appearing 
etched ; the temperature may fall perceptibly, however, and sbout mag. “97, Mercury, Venus, and stars may appomr, 

Transits of Mercury and Venus.—Transits of Fenus happen twice at the ahort interval of eight years, and 
then do not recur for over 100 yeara (1054 and 1214 alternately), Last transite, 1874, 1882; next transite, 2004, 2012. 

Mercwry transits the Sun about four times in 33 years, and at the same node at intervalu of 7, 13, 33 er 46 years. 
Tho transits always happen at the descending node in May, or at the ascending node in November, Transits take 
place in May, 1970, and in November, 1973, 1956, and 1999, (See Note on Transits, p, 42), 

* Bee Track Charte bn he A. # Or, io bineries, 072 war pease before the other. 


aA CELESTIAL PHENOMENA. 


Duration of Occultations.—The Moon's mean daily motion among the stars is 13°-18, or 0°:55 per hour, as seen 
from the Earth's centre. The Moon's mean angular diameter being 0-518", for a central occultation her (star) shadow 
takes nearly an hour, on the average, to pass the Earth's centre, and still longer a point on the Earth's surface, where 
by her rotation, an observer ia being carried in the aame general direction as the shadow is travelling. At the Earth's 
equator the xpeod is nbout 1030 miles, and at latitudes 45° and 52°, 734 miles and 640 miles per hour, respectively: the 
duration of an occultation, therefore, shortens with increasing jatitude, but in finding the actual duration, the Moon's 
varying velocity and angular diameter, and other factors, have to be taken into account, The track of the centre of 
the shadow may take atrange curves, very similar to those of the tracks of vurious solar eclipses given in the WA 
Tn the latitude of Greenwich, some central oocultations may lsat about 14 hours. 

Occultation Period. —Owing to the westward motion of the Moon's node along the Eeliptic (wbout 14° per 
nodical month), the Moon's monthly path among the stars is always changing, circling the star sphere back to the 
same node in 18-59 pears, On the average, therefore, each star within about 64° of the Ecliptic has the chance of boing 
ecculted twice during that interval, when it is passed successively by the ascending and descending quadrants of the 
Moun's path, These ‘passings’ are ot average intervals of 9} years for atars on the Ecliptic itself; for other oceultable 
stars the interval between the passings shortens as the distance from the Ecliptic increases (with » correspondingly 
longer interval to the next pair), till, at the oocultable limit, the two passings coincide, But the intervals are not 
constant, owing to the varying inclination of the Moon's orbit, the node's irregular and sometimes (na regards the mean) 
reversed motion, d&c., a0 that an occultation may be repeated during many montha—or even some years, for stara near 
the oceultable limit, where the monthly paths are closely crowded—before the path finally departs from the star. 

Twilight, from ancient times, has been reckoned as ending when the Sun's centre is 18° below the horizon, 6th 
magnitude stars then being visible in the zenith ; it haa no definite duration, however, aa meteorological conditions may 
modify it, The glow, in its later stages is « segment of a circle, brightest vertically over the Sun. Directly opposite, 
the indigo-blue segment of the unilluminated atmosphere rises from the east as the Sun recedes from the horizon, 

Twilight lengthens with distance from the Equator, and is shortest all over the Earth about the Equinoxes. 
The total variation never exceeds half an hour below latitude 40", and in higher latitudes, some 10-20 minutes during 
autumn, spring, and winter; but above lat, 40°, in summer twilight lengthens, till it laste all night above 60", Civil, 
Nautical, and Avtronomical T'wilighd (British 4.8.) end when the Sun's centre is 6", 12°, and 18* below the horizon—the 
first about the limit when “ordinary outdoor operations become impracticable without artificial light." Tabie p. xiv, 

Twinkling of Stars.—Though purely atmospheric in its origin, this phenomenon is of interest to netronomers, as 
it is affected by the nature of the light emitted by each star, ie, by its spectrum, White stars (Types Band A) twinkle 
most; yellow stars (Types F to K) slightly lew, and red atara (Typo M) least ofall, Twinkling is least at the zenith, and 
in settled and calm weather; and greatest toward the horizon, and in unsettled and stormy weather: there is aleo a 
ecasonal waxing and waning from mid-summer to mid-winter and wice versa, Planeta do not usually twmkle except 
when oear the horison—supposed to be due to the fact that they have discs of an appreciable sige, 

The Green Flash, or ‘Green Ray,’ cocasionally seen for a second or two before the instant of sunset or sunrise, 
is us beautiful solar phenomenon, due, like twinkling, to atmospheric causes; it is more often visible if an opera-¢) aan 
is used, The general conditions required are a distant, sharply-defined, and low (preferably sea) horizon : avoid looking 
at the Sun till the last moment, Cool weather and absence of red tints seem to favour visibility, Sometimes it takes 
the form of a white flash followed by a deep blue ona. While the duration is usually only a second or two, it tends to 
lengthen with increase in latitude, especially if the horizon ia nearl y parallel to the Sun's motion. In the Antarctic, 
it has been observed for 30 minutes. 4 Red Flash in sometimes seen as the Sun's lower edge emerges from o dark 
cloud near the horizon: it may lost minutes if the cloud's motion is nearly the same as the Sun's, 

Aurore appear in various forms, sa diffuse glows, arca, mys, draperies, eto, (see p. 44). The colour of aurorm is 
usually transparent white when faint and yellow-green when bright. Red may appear. The lower edge of the are 
ia more definite than the upper. Rays may pass overhead and then appear to converge to form a crown or Coronn. 
The auroral spectrum has a characteristic yellow-green line, at A 5577, due to neutral oxygen. 

The frequency of aurore is greatest in high latitudes towards the magnetic poles of the Earth In the northern 
hemisphere greatest frequency (about 240 nighta o year) oocura in northern Aloska, extreme north of Canada, 
loeland, northarn Norway, Novaya Zemlya and Taimyr Penineula of the U.B.S.R, The frequency is rapidly reduced 
ag one moves to lower latitades; about 25 nights a year slong the region of the Canada—U,5.A. boundary, central 
Seotland ete., and one night 4 year in California, Louisiana, south-central France ate, 

Aurore occur in the Earth's atmosphere at heights of 90 to 250 kilometres (56 to 156 miles) for agore that lie 
in the Earth's ahadow, but some aurore shine from the sunlit atmosphere though seen from the dark surface of the 
Earth, und these may be at very great heights (800 to 1000 kilometres (500 to 625 miles). 

The cange of aurorw is activity on the Sun, particularly solar flarea which eject rapidly moving particlea. If 
this stream ia dirasted towards the Earth, an auroral display will occur (come thirty hours after the outburst) due 
to the impact of the particles upon the gases of the upper atmosphere, The form and movement of the aurora is 
probably due to the interaction of the solar particles and the magnetic field of the Earth. 


ae 
VI. HINTS ON OBSERVING, &e, 

Atmospherle Conditions.—To get the best results, objects should be viewed when they are as far a» possible 
above the horizon, i¢., when near culmination, Satisfactory observations cannot be made of objects at low altitudes, 
ewing to the increased intervening thickness of the atmosphere, and the haze and mist which so often obscure the 
horizon, The nights when the aky in darkest, and the stars most brilliant, are not always the beat for observations, 
Paint and ill.defined objecta, auch as some nebul#, may, however, often be seen to advantage on auch nights, 

During a slight base, the air is aften very steady, and splendid views of bright objects may then be obtained. 
[f the stars twinkle much, it indicates that the air is unsteady and not altagethor satisfactory for observation. 

Viewing Faint Objects —The eye becomes much more sensitive to faint impressions after it has been kept 
im the dark fora considerable time. .A alight change of focus is often restful to the tired eye. 

Very faint objects, otherwise invisible, may sometimes be detected by averted vision: the eye is directed to 
another part of the field, while the attention is fixed on the spot where the object is supposed to be. 

Making Notes: Consulting Charts, &e.—A bull's-eye lantern with « slide to shut off the light is of great ase, 
Acycle lamp may be utilised by the ocessional observer. A photographic red lamp is oven better, as it does not affect 
the sensitiveness of the eye. Tt may be placed on a support at some distance from the observer, and so directed as 
to throw a fainé light on the book or card, when notes or aketches are being made at the telescope. A strong light 
should be avoided, as it makes the oye loss sensitive for observation, 

A emall table to hold the mapa and other booka, with » lantern having a shade to throw the light downwarda, 
lest the direct raya of light should reach the eye, is almout a necessity; o special ahelf may be fired up in an out-house, 

All observations should be written down at the time, when they are made. The notes should be clearly worded, 
aod should have entered on them the year, month, day, hour, and minute of the observation, together with the aperture 
and power of the telescope, and the atate of the air. In Earthahine observations, the temperature, barometer reading, 
and direction of the wind ahould also be noted, as meteorological conditions have some influence on the brightness, 

Direction in an Inverting Telescope.—In the inverted view of an object, as asen in astronomical telescopes 
(except ‘Gregorians’), to chservers in the Northern Hemisphere the upper part of the field of view is south, while 
the lower part is north ; east ison the right hand of the object, and west on its left side. 

To observers south of the Equator the reverse in the case; the upper part of the field is north, and the lower 
south; east ia on the left hand of the object; west, on ite right 

For circumpolar stara, however (i.¢. those a less number of degrees from the Pole than the observer), the rule does 
aot bold, as the observer is facing the other way, and objects on opposite sides of the Pole are movingin opposite directions, 

North Preceding, &c,—To get over these difficulties in describing how to find a celestial object in the field of 
view, the phrases ‘North (or South) preceding,’ ‘North (ar South) following,’ « certain star, are commonly used. Vorth 
(or South) indicates that the ol)ject is nearer the North (or South) celestial pole than the atar referred to; Preceding that 
ite Right Ascension is /ssy than that of the reference star, and /ollowing, that its R.A is greater, thus indicating the 





Betweon rleing and culmination. Southing or enlminating. Bevween culmination and aettng. 
Laogledeprading on date of eevee ond delinadion af afar (orig. (angle depending on lottesls of pteerver ond dacdination of stan, 
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direction in which to find the required object. The annexed diagram indicates how the hour-cirele—which coincides 
with the line &N in the diagram—liea with respect to the horizon in an inverting telescope, when in different 
positions, and how » Position angle (P.A.) will in consequence occupy varying positions in the field of view. 

In the diagram, the arrow denotes the apparent path of 4 star with reference to the horizon, aa it crosses the 
field of view of a fixed inverting telescope in the N. Hemisphere, This path will be horizontal only when the objeat 
is on the meridian, but the relative positions remain unchanged, In the 8. Hemisphere, invert the whole diagram. 
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Observing the Sun.—It is extremely dangerous to attempt to view the Sun unless proper precautions are taken- 
blindness may be the penalty of rashness or ignorance. A perfectly safe method is to support » smooth, white card, 
at the distance of about a foot from the eye-piece, and to focus the image of the Sun projected on it, The screen 
should be held in » covered frame-work or box, and the picture of the Sun viewed through a hole in one of the sides, 
[f,on the other hand, the Son is viewed directly through a dark-glass cap, a larger eperture than 2 inches cannot 
safely be used in the heat of summer, A stop made of a card, with a circular hole of 2 inches or less in diameter, 
should be fitted over the object glass of a larger instrument, to reduce the amount of light and heat transmitted ; this, 
however, tends to reduce the sharpness of the definition, A special solar eye-piece can be obtained which enables full 
apertures to be used with safety. 

Observing Prominences, by the spectroscope. The edge of the Sun's image should be made to fall on the 
nearly-closed lit of the spectroscope—which must be one of considerable dispersive power. The telescope should then 
be driven (preferably by clockwork) so as to keep the image in the same position, The spectroscope is next focussed 
on one of the hydrogen lines of the spectrum, and, on the slit being opened, the prominence will be seen, Good 
views may be obtained in this way, using a 3-inch telescope with a spectroscope haying several prisms. 

Observing Sunspots.—In studying their motion across the dise from east to west (sce note, p 39, na to direction 
in inverting telescopes), the position angle (p.5) of the Sun's axia requires to be taken into consideration, as the 
apparent path varies according to the time of the year. The spots only move in atraight lines across the dise about 
June § and December 7, on which dates alone the solar equator is seen as a straight line on the disc, dividing it inte 
two hemispheres, with the poles exactly on the limb, At all other times, one pole alone is visible—very near the 
limb owing to foreshortening—and the solar equator lies on one side or other of the apparent centre of the disc, and is 
curved downwards or upwards, as are also the paths of the spots: maximum curvature northwarda, about March 7; 
southwards, about Sept. 8. Sunspote take about a fortnight to traverse the disc from limb to limb, and will reappesr 
after the same interval if they survive, Naked-eye spota have a diameter not leas than about 1/60th of the dise (317). 

The variation of the position angle of the Sun's sxis during the year (for the Worth pole) is about us follows >— 
Jan. 5, July 7, 0° Feb. 23, May 19, 20° W./) July 7, Jan, 5, 0° Aug, 28, Nov, 20, 20° E 
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, " : ‘ 


SSESS8SSS66EeE 


Mi i ’ " 

Jan. & Fob. Mur. T apr Mag June 5 daly? amg, 18 Supt. a ek 11 Wow, Dee, T 

Tier distance of the San‘e risibie pele from the limb has oegemarily bem ecaggersted in the diagram. MN. 5, inddcete tha line of the hoor otrete, 
Aahowing Merth in an inverting teleesepe— nearest the horizon in the S. Hemiipliers, Le the 5. Heoiephers, bid the book upside down, 


Near the times of the greatest inclination of the axis to the hour-cirele, spote just appearing on the limb im the 
high spot-lacitude of 45°, are, by the inexperienced, apt to be taken as being near the poles. 

The number of degrees the solar equator ia below or above the centre of the disc on various dates, is given in the 
WVautical Almanac, column By, ‘ Heliographic Latitude of the Earth,’ + indicating that the spot-path ia-curved south: 
wards, and — that itis curved northwards. The longitude of the spot on the surface can be found when it arrives 
half-way wcross the disc, from the column Ly, ' Meliographic longitude of the centre of the disc." 

Observing the Moon.—With a low power, and « fair-sized telescope, the glare of the Moon in very trying to 
the eye, and a tinted glass, mounted in the same way as the dark glass of the solar eye-picce cap, may be used. 
Reducing the aperture affects the sharpness of the definition, When the Moon is in perigee, the brightness is appreciably 
greater than when she is in apogee, the ratio being nearly an 4 in to 3. Best-seen conditions of each phase, see p. 29. 

Observing Lunar Eelipses.—In the Northern Hemisphere mid-wintereclipses have the lest altitude conditions, 
mid-summer oues the least favourable, Firat contact is always on the E. sido of the disc, and through the telescope the 
Earth's shadow may be seen «weeping slowly acroms it, but the edge is not sharply defined. It should be noticed that 
from firat to last, the “preceding’ edge of the umbra is always uniformly convex, unlike the dark terminator of the 
young Moon, which, though convex at first, daily grows les conver, till, at First Quarter, it is straight, anc 
frially becomes increasingly concave, Similarly, the ‘following’ edge of the umbra is alsoalwaya convex, Phenomena 
that may be noted are the visibility or otherwise of the rays, and of prominent craters, Xe, such aa Aristarchur and 
Copernicus; alxo the variations of colour as the eclipse progresses, on different parts of the disc. 
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Observing the Superior Planets.—In temperate latitudes, summer observations of these plancts are always 
conducted under unfavourable conditions as to altitude; in winter, the altitude conditions are the most favourable. 
This reaulte from the planets being always near the Ecliptic, so that their highest altitude above the observer's 
horizon at culmination is much the same as that of the Ecliptic where it cuts his meridian, At mid-summer, mid- 
night culmination is at ite lowest, and in mid-winter at its highest, Thus observers in the Northern hemisphere, out- 
wide the tropics, are batter situated for observing the oppositions between October and March, than those in the 
Southern hemisphere, while observers in the latter are better placed for seeing oppositions between April and September. 

A curious effect of the two-year synodie period of Mare is, that for some sightsen months or so in succession, he 
is visible at some time or other every night, then becomes lost in twilight and daylight for some four or six months. 

The angular diamater, or semi-diameter, of a planct’s diso on any date, will be found in almanacs: the diagram 
indicates, on a woiform scala, the range of changes, and relative sizes, of the disca, and the favourableness, or otherwise, 
of the size of the disc can easily be inferred by reference to the mean diameter. 


Saturn. Min I Maen 1" Maw 21". Urarcun ay. Were Win df Mee i" Meanopp. i Man mS, Jupiter. Mingo” Mese.do° Max, 50", 

Observing Mereury and Venus,—The most favourable sensons of the year are indicated on page 33, For 
Mercury, Southern observers have the best conditions, sa his maximum elongation occurs when he is in 5, Declination. 

Observing Occultations.—Beginners will probably be rather puzzled to know the direction in which the Moon 
will approach the star, owing to the varying position of the Moon's axis with respect to the horizon: the direction, 
however, is approximately at right angies to the line joining the cusps, or horns of the Moon, 

The Moon's mean hourly motion being fully 4°, the rate of approach ixabout » quarter of the Moon's diameter in 
14 minutes, or the apparent diameter of Hipparchus in about 2] minutes, or of Copernicusin about 1} minutes The 
time, however, is modified by the latitude of the observer, de, 

Observing the Zodiacal Light.—Az the axis of the Light approximately coincides with the Ecliptic, the most 
favourable conditions in temperate latitudes are when the Ecliptic is moat nearly vertical to the horizon soon after 
sunset, or before sunrise, which in the evening is before the Spring equinox, and in the morning after the Autumnal 
equinox, of each hemisphere, The nearest approach to verticality is always when 6 hra R.A, is on the meridian (N, 
Hemisphere), or 18 hra., (8. Hemisphere); at that instant, too, both the direction of the lowest portion of the Light, 
aleo the verticality, sre moat easily found, as the Ecliptic then intersects the horizon exactly due west and due cast,* 
and ite angle with the horizon is equal to the co-latitude of the observer plus 23)", 

The Zodiacal Light proper cannot be longer above the horizon than six hours after sunset, or before sunrise, as 
its extension from the Sun is reckoned as about 90°, but of courge it will only be distinguishable for a mach shorter 
period, twilight preventing observation for perhaps an hour after sunset, in the higher temperate latitudes; and the 
haze of the horizon obscuring its faint extremity for long before setting. For brightness, compare with Milky Way. 

The Table below vives the approximate dates and hours when the Eocliptic is most nearly vertical during the short 
observing season. The dates at the top are for the N. Hemisphere; those at the foot (in italic) for the 8, Hemisphere. 
Tho position of the foot of the Light on the horizon for three or four houra after (or before) the hours mentioned 
is easily found, as ite movement in azimuth westwards, may be taken as about 6° per hour, over that period ; 
similarly, the decrease per hour in inclination after (or before) greatest verticality ia, roughly, 2°. 

Fob. 5 Febl2 Feb20 Feb? Mar. Mard4 Mar2z | Septze Sepgy Gey Octla Octe2  Ovt.ad Nor? 
apm. 630 8pm, 730 7pm 630 Gépm || Sam, 6300060 lbam, = 4 dam, 230 Jam, 
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Observing the Milky Way.—The Milky Way circles round the Celestial poles once each siderca! day, ive 
central tine passing within 27° of the N.pole, in the W of Cassiopeia, and within 27° of the 8. pole, near a Crucis, 

In the N. hemisphere, in the latitude of Britain and the U.S. A., it passes through or near the renith during the hours 
when R.A. 29 bre. to4 brs, are on the meridian; thereafter it approaches the horizon, till, when R.A. 13 hre. is on the 
meridian—and for some time before and after—it lies so close along the N. horizon for most of ita visible length that it 
is hardly observable, after which ita altitude begins to increase again. The Cassiopeia-Argo section ia visible to ita 
maximum extent when R.A. 8 hes, is on the meridian, and the Cassiopeia Scorpius section when K,A, 16h, is on the 
meridian, but the portions near the horizon are not well seen, For favourable observing times, consult Table p. xiv. 

In the 8, hemisphere, in the latitude of South Africa and Southern Australia, the corresponding phases are:—over- 
head, R.A. 10hra to 16hre. on the meridian; on the horizon, R.A. 1 br. on the meridian. The Crox-Cygnus and Cruzx- 
Perseus sections are visible to their maximum extent when R.A. 20hrs, and R.A. 4hrs,, respectively, are on the meridian 

H * The compas direction requires correction for the mayuetic tariation; see l-inch Goverument Mapa. 
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Observing Variable Stars.—The ‘variable’ is compared with neighbouring stars of similar brightness 
and of known magnitude. Two comparison stars are found, one rather brighter than the variable, the other slightly 
fainter; the magnitude of the variable will be between those of the comparison stars, and the nearor their magnitudes, 
the morenccurate the result. Except for rough estimates, a catalogue of magnitudes is required, ora special star chart, 
auch as those for Nove and interesting variables given from time to time in the British Astron. Association Journal, 
or ‘sequences,’ t.¢,, lists of standard atars, arranged in order of magnitude for this purpose, 

The dates of maxima and minima are recorded by the Julian Day (J.D.)*—which begins at noon, not midnight, 
(p- 9)—and decimals of a day, but observations cannot always bo made, as the date may fall when the ster is near the 
Sun, or during moonlight. The 1962 B.A.A. Handbook gives useful observing information, dates of maxima, de, 

lt is important, where possible, (a) to observe the star when at its highest altitude; (b) that the comparison stara 
be about the same altitude, so that atmowpheric absorption (see below) will equally affect their magnitudes; (c) that 
they be as nearly as possible similar in colour to the variable, as it is very difficult to estimate correotly the real 
relative brightness of two tara differing widely in colour, as, for instance, in the case of Betelgeuse and Rigel, For 
a curious optical phenomenon—known aa the Purkinje Eifoct—comes into play, namely, that if red and green 
lights, appearing equally bright, are increased or decreased in the same ratio, in neither case will they now appear of 
equal brightness; the red will seom the brighter whon the light is increased, but the green when the light is decreased. 

Estimating Magnitudes: Atmospheric Absorption, —For accurate valuation of the magnitudes of bright 
variable stars, if the comparison stars are not about the same altitude, allowance must be made for tha difference, as 
atmospheric absorption diminishes the brightness (apart from haze) by approximately the following magnitudes:— 














Zenith distance. 47" | 58" | G4" | 69° | TI | 73" | 75") TT* | 79° | BO" | Ba" | Be” { aB* | Be" 
No, of mags. diminished. | yeh | fpthe | yythe | qytbhs | othe | Aythe | the | afte | atthe | Tmag.| 1pm. | Se. | $m. | 3m. 
Altitude above horizon. | 45" | $2" | 26" | 21° | 19° | 17° | 15° | 1s | 11" | nor | 6 | ae | a | 1° 


























Comet Seeking. —In searching for cometa, » telescope of fairly large aperture and of short focal length, with an 
eye-piece of low power having s large field of view, should be used. The observer should slowly ‘ sweep’ (i.¢., move 
the telescope in s horizontal direction) for some distance, a careful watch being kept all the tima, At tho end of 
the sweep the telescope is slightly raised or lowered, and on overlapping sweep ia taken in the opposite direction. 
This process is repeated continuously, Should « nebulous-looking object be noticed, the comet-hunter must look in 
his catalogue of nebule to aee if the object can be identified, If not, he should draw a careful aketch of its position 
among the neighbouring stars, If in the course of time any movement can be detected, and the place of the sus- 
pected object does not agree with that of any known comet, ita position should be determined ox accurately as means 
will allow, and a telegram giving particulars should be seni to the Royal Greenwich (or corresponding) Oleervatory. 

Observing Transits, —There are four contacta: external contact, at ingress and egress, i,¢., entering or leaving 
the Sun's or planet's imb; and infernal, when entering completely on or beginning to depart from, the diac, 

The Black Drop, seen at internal contact when Venus (sometimes Mereury) is just touching the Sun's limb, ia 
curious drawing-out of the planet's black dise to the Sun's limb, in a broad band or ligature, which gives it the appear: 
ance of a drop of black ink hanging internally from the Sun's limb. Ina few seconds the band contracts, then breaks: 
this renders the instant of internal contact uncertain, A very narrow brilliant circle of light is sometimes seen sur- 
rounding Venus near first and last contacts; it is probably due to sunlight refracted by her atmosphere, 

Observing Nebulse.—These faint objects lone least light by atmospheric absorption when near the zenith, hence 
those showing a preference for the Galactic plane are most favourably situated when the Milky Way ie nearly overhead, 
but those showing a preference for the Galactic poles, when the Milk y Way lies near the horizon. Suitable times for 
observation can be found by the notes an p. 11, along with the Table of Sidereal Time on p.xiv, 

Observing Earthshine.—The degree of visibility of the outlines of the Maria, and of Aristarchus, Copernicus, 
and other prominent craters, affords a good index of the state of the atmosphere. The thermometer and barometer read- 
ings, and direction of the wind should be noted, as meteorological conditions have some influence on the brightness, 

Observing Novw.—The following changes genorally occur in the spectra and colour: there may be considerable 
variations from the normal, some stages missing, and individual peculiarities, 1,A.U, Notation (1922, 1928) below, 


1, Continucus spectrum : + oo» White | 6 Hydrogen lines brighten up; Red | 8 Star now « planetary nebula, 
% Hydrogen lines double: bright &dark lines: , | 6. Hydrogen lines fade: ... Orange | 9. Nobula lines fade: spectrum. 
3. Lines widen: continuous spectrum fades. T. Nebula lines more prominent now faintly continwous, 
4 Nebula lines appear ; o oe» Fellow than hydrogen ones, ... Bluoish bright Wolf-Rayet banda, 


Qa; abeorption lines and bright bands (faint) Q@b; stronger absorp, lines (mainly enhanced metallic, many double) and bright 
banda Qe; absorption metallic lines of 0, ¥, He, enhanced metallic lines predominating. Qd ; as Qc, but gaseous lings predom.- 
inating. Qu; broad nebulous emission bands near 4\3450, 4515, 4640, Qx; bright bands (enhanced (, WV, #f¢); absorption lines faint 
Qy; aa Qz, bright nebular bands. Qz; bright nebular and weak Wolf-Rayet bands. Qz-06; aa Qa, Wolf-Rayet bands strong. 

Combination spectra indicated by combining the small letters, placing the most prominent first. 


* Sometime: J,4.D.—Jullan Astronomical Day, 
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Observing Meteors.—Showers from radianta within or near the circle of the ‘always-seen ' stars of any locality 
are observable all night, more or less, but the observing interval shortens na the distance from that circle increases, 
until, for the more remote, should the culmination-hour be many hours after midnight, the shower ia never observable 
from that latitude except for a few hours before sunrise, Thus the November Leonid shower is only a morning one 
aa the radiant culminates about 6a.m,, and only rises about midnight, Some meteors from a radiant just below 
the horizon may be visible, however, The possible observing-hours can be found from the star Table on page xiv. 

The foliowing are the important points to note:—Date; Greenwich Moan Time (G.M.T., U.T.) of appearance ; 
R.A. and Dee, of beginning and end of fight, and duration in seconds; colour and atellar magnitude, stating comparison 
star; path, if straight or wavy; streak or train, if any, and the colour, duration, direction and speed of drift; 
any other notes. A streak ia the faint, phosphorescent narrow band, sometimes coloured, which endures for » 
time along the path of some meteors: o train, » spark-like and usually quickly-disappearing appendage, The R.A. 
should be stated in degrees (ses conversion Table below), and the observation communicated to the Director, Meteor 
Section of the British Astronomical Association, London, or to the American Meteor Society. Cambridge, Masa. 

For counting seconds, the well-known photographic rule ‘One, two, three, ons; one, two, three, Two; &e,', pro- 
sounced rapidly but distinotly, gives very near resulta. 

List"of Important Showers.—The Radisnt position may change a degree or two on successive days, and a 
look-out should be kept before and after the dates given, as leap year adjuetmenta cause smal] variations, For 
« Radiant on every night of the year, see BLA.A. Handbook, 1929; and list of 1000 radiants, Mem. F.A.S., vol. 53. 

The column headed ‘Cul’ gives the Radiant's approximate hour of culmination on the central date, ‘a’ denoting a.m.; ‘p’ pam 
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Notes, ‘The Perseids are visible during July and Aug, (a rich display, max. August 12); the radiant moves from about 

#" +41" to 68" +61" (Androm, to Camelop.). *The Leonidas, or November moteurs, are seen at their best about every 33 years: 
plentiful in 1799, 1833, and 1866, but the 1900 display was not brilliant owing to the disturbance of their orbit by Jupiter. 
? Long paths, before sunrise; Halley's comet. * Pons Winnecke's comet, *Comet 1661 V. * Bieln's comet. 

R.A. Hours & Minutes converted into Degrees, or vice versa; 1min =}". (Reads continuously across page). 
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Apl. 20-28) Lyride #/ 971" 18 4/33" H do » 91-23 291" 19 94 | GO" | v.nlow: max. 1878, 
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© List of 8. Hemisphere Radianta, we M.N., rol. 05, p. 700, 1h55. 
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Observing Auroras (see also p, 38),—This is one of the few astronomical observations which can be carried 
out with the unaided eye, and the only instrument (apart from a camera) which would be useful would be a simple 
device for measuring the angular height of the centre of the auroral arc above the horizon. Those in favourable 
latitudes should observe during the more active part of the sunspot period, especially around the equinoxes, A 
series of observations, made regularly if possible, can be very valuable. 

Basic observations, which may be kept in list form, would give Dute, Time (G.M_T.}, Sky conditions, Auroru 
(if definitely present X; if definitely absent O; if conditions e.g. moonlight, prevent a definite decision, enter o 
question mark). If no observation is made on « particular date, fillin NOM against the date, 

If on aurora is present give the region of the sky where it appears, From the N. horizon to 30° aboveit (LN); 
between 30° and 60° above the N, horizon (MN); in the zenith region above 60° (2); between 20° and 60° 8, (M&S); 
and for the §. horizon to 30° above it (LS). 

The intensity of the aurora ison the following scale: 1 Weak, like the Milky Way; 2 Medium, like moonlit 
cirrus; 3 Bright, like moonlit cumulus; 4 Brilliant, very bright. 

The different forms are indicated by the following symbols; a dawn-like Glow along the horizon (G); the are 
form may be homogeneous and quiet (ELA), or active with rays shooting upwards (FA), Aurora sometimes appears, 
without the regular are form, as a Band, homogeneous (HB) or rayed (RB). Isolated raya (R) also ocour, When 
rays poss overhead they appear to converge to form a crown or Corona (Cj). Sometimes after a very active display, 
waves of light surge upwards, and this is enlled Flaming (F}., Patches of auroral luminosity are designated (DS), 
(for diffuse surfaces) and draperies (curtains) (D), Send observations to the B.A.A., Aurorw Section, London, 


VII. THE CARE AND USE OF THE TELESCOPE. 
Astronomical Telescopes ore of two kinds—refracting and reflecting, Both varieties are rated according to their 
‘aperture,’ aa the claar diameter of the large lons in refracting telescopes, or of the mirror in reflecting telescopes, is called. 

The larger the aperture, the more powerful the telescope in ‘light-gathering' power, i«., in rendering visible faint 
objects; and, a thia power (theoretically) increnses in proportion to the sqware of the diameter, a telescope of 3 inches 
aperture is twice as powerful as one of 2 inches, while a 4-inch has nearly twice the powor uf a 3-inch, or four times 
that of « 2-inch (actual ratioa, 4,9, 16). In refractors, however, the theoretical power falls off rapidly with increasing 
diameter, the ever-thickening object-glass absorbing more and more light, though reflectors under 1) ins, are not quite 
so powerful as refractora of equal size, For astronomical purposes, a 3-inch telescope is about the smallest that can be 
ased with satiefaction, though pleasing views of many objects may be obtained with smaller telescopes of good quality. 

Diam. Object Glass (clear aperture)lin. fin. Zin. Din, Bin. Spin. din. din. Bin. Gin. Bin. Win. 12in 

Closest star divided (appror.) 456° 304" 238" 162" 152" 130" bid” LOL" GOI" O76" OST" O46" O38" 

Fointet sarsioun (¢ 3, Jmog 80 OF 105 HO Wd U7 120 123 185 12d 135 140 (léee 

THE REFRACTOR essentially consists of two convex lenses—(i) a large one of considerable foonl length, known 
aa the object glass, which forma at ite focus an image of the distant star or other object, and (ii) a small lena of much 
shorter focal length: this is called the-eye-piecs, and is used to magnify the image formed by the object giaas, 

The Object Glass ia the most important part of the refractor, as its excellence depends on the accuracy of the 
eurves of the lenses, the highness of their polish, and their transparency, In all astronomical telescopes worthy of 
the name, the object glass ie ‘achromatic’; that is to say, it is composed of two (sometimes three) lenses of equal size, 
but made of gliuses of different density. These are so proportioned as to form an image almost freo from the folee 
colours which are inevitably present when a bright object is viewed through an object glass consisting of a single lena. 
A good object glaas requires to ba treated with the most serupulous care. Follow carefully the notes on p. 49, 

THE REFLECTOR.—In this form of telescope a large, concave, parabolic-curved mirror takes the pince of the 
object glasa of the refractor. The large mirror ia held in « cell at the lower end of the large tube, The rays of light 
from the object pass down the tube and are reflected back. The reflected, convergent rays are intercepted— 

(1) In the ‘Newtonian’ form of telescope, either by « small, elliptical, plane mirror (‘ flat‘), or by o right-angled 

totally-refiecting priam, which reflects them at right angles through the side of the telescope to the eve-piece. 

(2) In the ‘Cassegrainian’ form, by a amall convex mirror, which reflects them back again, through a hole in the 

centre of the large mirror to the eyepiece; or (3) in the ‘Gregorian’ form, by a amall concave mirror. 

The Newtonian and Cassegrainian forma, like refractors, give an inverted image; the Gregorian, an erect image. 
The Qawegrainian form gives ao greater focal length and larger image than Newtonians of the anme aperture and length, 
but its field of view is smaller and the image fainter. Great telescopes are sometimes designed to use both forms. 

Mirrors are woally made of glass, on which o film of silver is deposited chemically ; this is very easily tarnished (p, 49), and 
vaporised aluminium in now often used, which is about as efficient aa fresh ailver, lasts years with little deterioration, and reflecta 
the ultra-violet raya and blue end of the spectrum better—of great advantage photographically—but the red and infra-red rays 
lean efficiently, Stainless steel mirrors last well, but only give 65% efficiency, compared with the 50% average of fresh ailver, 

An wonilvered glass mirror and ‘fat '—which reduce the sunlight and heat reflected by some 90% —enable solar observations 
to ba made with fairly large apertures, giving improved definition ; a dark glaas or solar ayepiece, bownver, in atill necesnary 
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Eye-pieces.—These are used to magnify the image formed by the object-ginss or the large mirror. For very high 
powers, and in special cases, a single lens is sometimes used to minimise loss of light, but generally an eye-piece 
consiste of two lenses—a Field fens, furthest from the eye; and an Eye lena, nearest the eye, These are mounted in 
a short tube which screws or, preferably, slips into the focussing-tube of the telescope, 

Positive and Negative Eye-pieces.—Eye pieces are of two types :—/a) Paritive, in which the image-plane is 
outside the eye-piece—between it and the object-glasa or mirror—#o that it can be used with a micrometer. (6) Vegatiwe, 
which cannot be employed with a micrometer, aa the image-plane lies inside the eye-piece. 

Inverted Image.—aAll astronomical eye-pieces show the object inverted (unless used with Gregorians), but this 
in of no disadvantage in practice, ‘To make the object appear right way up requires additional lenses, or prisms, which 
absorb light, making the image fainter with no compensating gain. Among many varieties of eye-pieces are the:— 

Huygesian eye-piece (negative).—The most common form, two plano-conver lenses having their fist surfaces towards the 

eye. Note that, though negative, fine cross-wires can be inserted on ita diaphragm, at the focus of the eye lens, for we in 
a “finder” (p, 46), or for “ guiding” in celestial photography—using cement, or threading through small holes. 
Ramsden eye-piece (pasitive).—T wo plano-convex lenses with their plane faces outward. Field of view “flatter” than that 
of the Huygenian, ce., not so blurred round the edgea when the centre is sharply focussed. Performa well on planets. 
Tolles Solid Ocular (negative) is practically a Huygenian eye-piece made out of single glass cylinder, the foci of ite 
curved enda falling inside it, ‘Tranamits more light than the Huygenian, and gives very good definition when well made, 
Orthoscopic eve-piece (positive) contains » triple field lens and a simple eye lens. It yielda a flat field free from distortion, 
and is specially recommended for medium and high powers. (' Orthoscopic’ means giving 4 correct image.) 

Kellner eye-pinca (positive), A convex or planc-convex field lone with a much smaller over-corrected planc-convex achro- 

matic eye lens, Field very large, colourless, and ‘orthoecopic’; low powers are suitable for comets and scattered objects. 

Monocestric eye-piece (positive).—A triple cemented lens, particularly recommended for the critical stuwly of lupar and 

planetary detail, sa it gives exquisite definition, and freedom from ‘ghosts’; ita small field ia its weak point, 

Barlow Lens —A concave or concave-meniscus lens of about 3 inches negative focal length, mounted in a short tube—made 

a sliding fit—inside the eye-piecs draw-tube, and placed between the objective and sye-piece, 4 or 5 ink from the eye-piece 
It increases considerably tho focal length of the object-glass or mirror, giving an image of double the size, more or leas, 

according to ite distance from the eye-piece. This valuable devios, at the coat of a slight loas of light, and a tendency to form 

‘ghosts,’ gives « flatter field and an increase of the powers of all eye-pieces used, thus doubling the set at amall expense. 

The magnifying power of a telescope depends entirely upon the ratio of the focal length (/',) of the object 
glass to that of the eye-piece (7), the formula being f, +, ; thus, with an cbject-glass of 36 inches focal length, and 
an eye-piece having » focal length of } inch, the magnifying power will be 72 diameters, or “ power 72" as it is termed. 
Note that, a4 the power is increased; (a) the image gets fainter, and the area included leas; (h) stars pasa more quickly 
across the field; and (c) the atmospheric disturbances are also magnified, as well as any vibrations of the stand or ground, 

Tt is advisable to have at least three eye-pieces of different power :-— 

(1). One of low power with « large “field,” (that is, showing « considerable area of the aky), for viewing comets, large and 
scattered clusters, and extended ne ifying 8 or 10 times per inch of aperture. Thus, on a 3 in. teleacope 
the power may be from 25 to 30, or fora 4-inch, 32to 40. Foravernge eyes, aperture x 4 gives lowest useful power. 

(2). One of moderate power, magnifying 25 or 30 times to each inch of aperture = 75-100 for a @-inch, 100-120 for a €-inch. 

(3). One of high power, magnifying 50 or 60 times to each inch of aperture =180-180 , » 2003240 , w 

When experience has been gained, the observer may sometimes use eye-pieces of still higher powers—the extreme 
limit of useful power being about 100 diameters per inch of aperture—but, asa rule, to advantage only on close double 
atare, when the telescope is of fine quality, and atmospheric conditions most favourable, Such nights are very rare, 

To find Focal Lengths. —(«) Odject-glase or Mirror, Remove the eye-piece and stretch « piece of semi-transparent 
paper over the end of the draw-tube, Point the telescope at the Moon, and focus her image on the paper screen: the 
measured distance between the back of the object-glass and the sereen—in Newtonians, between the centres of the 
surfaces of the large mirror and Ast, and thence to the sereen—ia, for practical purposes, the focal length required. 

(b) Huygenian Eyepiece —Divide twice the product of the focal lengths of the two lenses by the sum of their 
focal lengths; the quotient is the focal length of an equivalent single lens,* 

To find the Power of an Eye-pliece—Make a scale with plainly-marked equal divisions, Set this up ats 
considerable distance away, and, holding both eyes open, view the scale through the telescope with one eye and 
directly with the other, The number of divisions on the scale, covered by the magnified image of one of them, is 
equal to the magnifying power of the eyepiece used. For low powers, a distant brick wall will serve aaa scale, 

Another method.—Focus the telescope on a utar. Next morning, without altering the focus, point the telescope 
to the bright sky. When the eye is placed about 10 inches behind the eye-piece, thore will be seen o «mall, clearly- 
defined disc of light. Measure the diameter of this diso by menns of a Berthon Dynamometer (see p. 47) placed 
against the eye-pieco—a pocket lens, of low power, shonld be used es an aid in doing this, The magnifying power of 
the eye-piece is found by dividing the clear diameter of the object glass by the measured diameter of the bright image, 

To find the Diameter of the Field of an eye-piece, observe how long a star situated near the equator (for 
inatance, 8 Orionia, or y Virginia) takes to pass centrally across the field from one side to the other. Thia time, expressed 
in minutes and seconds, when multiplied by 15, will give the diameter of the field in minutes and seconds of are. 

* When the distance apart of the lenses d in equal to half the eum of their focal lengthe, (f+) 4)+2; the late - 
W, FA. Hitieon points out that aa thia dixtance ts not always kept ta, the correct formuin for all eonbinationa jy -—} Feeal length= 717° 
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TESTS. 

The wetual performance of a telescope on a celestial object is the only really satiatactory test, Seen through a 
telescope bearing ita highest power, a fixed star of the second magnitude should appear ss a minute, well-defined, 
circular dive of light, almost a point, and surrounded by ane or two thin, concentric, bright rings, There should be 
oo false raya of light, and the rest of the field should be uniformly dark. The telescope ahould not, however, be con- 
demned too hastily, as an inferior eye-piece, or the atate of the air (ee p. 39), may be responsible for apparent defects 
in the object glass, A close double star with very unequal components forms a most severe teat, A telescope of the 
finest quality should separate a double, consisting of two (th magnitude stars, whose distance from centre to centre in 
seconds of aro is equal to 4°56 divided by the aperture expressed in inches. (see Table p. 44). 


ACCESSORIES. 

Stands.—Much depends upon the rigidity of the telescope stand, and good observations must not be expected 
from the open window of an ordinary room, as the vibration of the floor, and the mixed currenta of air, set the 
ebject being viewed dancing. For small telescopes, the ordinary, alt-azimuth, tripod 
garden stand is most convenient. An iron pipe of about 4 inches diameter, partly 
sunk in the ground, and rammed full of clay to deaden vibration, forma a good support 
for a telescope of moderate size. 

The Equatorial Stand is of enormous advantage, but is rather expensive. It has 
one of the pivots, or axes, which carries the telescope, directed towards the celestial pole, 
(being adjustable for latitude). The result ig that a star may be followed by a single 
circular movement of the telescope, instead of the inatrument having to be moved both 
in altitude and azimuth, A make-shift is to screw to the stand topa wooden block cut 

off at an angle, as shown in the illustration (A), and which has a V-groove, with mides at 
an angle of 60°, eut along the inclined face, for receiving the pillar, The claw legs of the 
stand, folded up, will act na a counterpoise, and two or three screw clamps will keep the 
pillar firm. .A piece of hard wood (not shown in the illustration), aleo V-grooved, ahould 
|| | be interposed between the point of the screws and the pillar, to prevent damage when 
tightening up the screws, A somewhat simpler construction is to hinge this upper block 
at one side to the lower block, and pasa the screws through both blocks at the other 
i side, a4 shown in the illustration at (B). 

The dugg te testes top, from the vertical, must be the latitude of the observer subtracted from 90°. Thus, 
for latitude 52° it will be 90° —52" = 38". 

Finder.—A finder is a small telescope fixed by supporta to the body of the larger instrument. When high 
powers are used, this adjunct is a necessity, and in all eases it adds much to the comfort of observing. The finder 
may be roughly adjusted by day on a distant weather-cock or some other definite object. To improve the adjustment, 
bring the polar star into the centre of the field of s low power eye-piece on the large telescope; then alter the direo 
tion of the finder, by means of the adjusting screws, until the star image is in the centre of the field of the telescope, 
and also bisected by the cross wires of the finder at the same moment. Now replace the low-power eye-piece by one 
of high power, and perfect the adjustments in the same way. For amall telescopes up to 3-inch, ‘sighte’ similar to 
thoes on rifles can be arranged (painted white), which will be found of some service. 

Dew-cap.—To guard againat the deposition of dew on the object glass, make a tube of tin, cardboard, or some 
such material, about 9 inches or | foot long, and of such a diameter as to fit closely, but not too tightly, om to the 
object glass end of the tube, The inside of the dew-cap should be covered with black velvet, or painted with a 
mixtare of lamp-black and aise Black blotting paper in also suitable 





Star Diagonal.—An L-shaped tube containing a right-angled totally-reflecting prism. One end of the fitting 
acrews into the focussing-tube of the refractor, while the other end is screwed to receive an ordinary eyepiece [ta uae 
prevents awkward positions of the body when viewing objects at high altitudes, but resulta in some loas of light and 
definition, A special diagonal is made for the Sun, which only requires a light shade glass (ace note on p 49) 
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Berthon's Dynamometer (or measuring gauge) is « little instrument used for meusuring the diameters of 
amall objects. Tt has two flat metal sides, the internal straight edges of which meet towarda the end, and are inclined 
to each other ot a amall angle, One of the edges is graduated ee an inch, The figures on the scale 
denote the width of the gap between the two straight 
edges. To measure the diameter of any smal! object 
by meana of this little appliances, it is only necessary 
to mee at what part of the scale the object just fille — 
the space between the internal edges of the gauge, Pi; Bentwon's Orxamoneten,  * tonpon ae 
and then take the reading from the scale. The ; 
scale is divided into 20 long divisions of “01 or 1/100ths of an inch. These are aubdivided into five parts, each oni to 
O02 or 1/H00theofaninch. The first two long divisions are again divided into parts equal to ‘001 or 1/1000ths of an inch. 

Telescope House.—A tall folding clothes-horse, with » sheet fixed to it, and stayed by tent-ropes, forma « fair 
substitute, which will, to some extent, shield the telescope from vibration by the wind, and add to the observer's comfort. 








TO CONSTRUCT A SIMPLE EQUATORIAL OR ALT-AZIMUTH STAND. 
Br following the directions and studying the diagrama given, any handy amateur, with the aid of a few simple tools, 
will be able wt a very low cost to construct an efficient equatorial or alt-azimuth stand for a 3-inch or smaller refract- 
ing telescope. If made ono larger sonle and of considerably thicker materials, the equatorial head here described, 
mounted on short, strong, fixed logs, would do aqually well for a reflecting telescope of moderate size. 

The Legs.—Take 3 deal boards about 6 to 6} feet long, 5 inches wide, and Linch thick. Mark » point 2 inches 
from an edge at one end of the board and another point 3 inches from the same edie at the other end. Join the 
points found with a straight lino and saw along it. This will divide the bonrd into two equal flat pieces, each | inch 
thick, and tapering from 3 to 2 inches in width These two pieces are joined together at distances of | inch and 
9 inches from the narrow bottom end by 14-inch screws (No. 9 or No. 10, about ,%, inch diameter), The two laths 
are kept apart by blocks of hardwood cut from a piece having a 2 inch square section, and held in place by acrews, 
Thus the leg ia formed as shown in Fig. 1, which is on a scale three times leas than that of Figs. 2,3 and 4, The 
laths should not be screwed togsther antil the brass plates mentioned later on have been fitted. A metal plate (p) 
aawn or filed to « blant point, may be screwed to the tuner side of the foot, with the point projecting. 

The Top of the Stand.—This is best made from an iron casting, for which a wooden pattern will be required. 
The pattern is made of }-inch mahogany fretwood, cut to the shape shewn in Fig. 2, and strengthened by having 
a 4inch bevelled disco of the same material glued and scrawed on to it, so that the central part is 4 inch thick. Each 
of the thres projecting parta of the casting is 
either drilled with two }-inch holes, each }-inch 
distant from the 3-inch edge, to receive }-inch 
bolts, or, a3 an alternative, {inch holes may 
be drilled, and tapped Linch Whitworth to 
receive metal serewa. A j-inch hole is drilled 
through the exact centre of the dise, Instead 
of the casting, « piece of tough, hardwood, 
such as beech, cut to the same shape, but at 
least | pinches thick, may be used, 

The Leg Pivots.—Cut o 12-inch length 
of }-inch square brass bar into three equal pieces. 
Tn a isthe, torn half-an-inch at each end into 
a blunted cone (C, Fig. 2), the amall outer end 
being f-inch in diameter. If no lathe, file the 
ends to the same shape as carefully as possible. 
These bars are now drilled with }-inch holes to 
correspond to the holes in the top, and are then 
screwed or bolted tothe nnderside of the iron top. 

The Hinge Plates. —To the top inner side, and towards the back of each of the Inths forming the legs, fs firmly 
screwed a fat, brass plate, 4 inches long, 1 inch wide and ¥,-inch thick (Fig. 2, F, and side view), The pinte is flush 
with the top of the leg, which is rounded off at the outer top corner, and has in it near the top « j-inch hole slightly 
enlarged, and coned to fit over the conical pina at C. Biss j-inch bolt 6} inches long, having a nut, bearing on 
a washer, which aut on being screwed up makes the hinge firm, and adjustable for wear, 
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The Equatorial Head (Fig. 3).—For this some pieces of onk or atrong hardwood « full inch thick are required. 
The base is circular, and haa, oantrally fixed by screws in # recess in the bottom, a plate with a j-inch Whitworth 
tapped hole, to receive a screw which glampa the head to the stand, This plate might be fixed im » recess on the 
upper side of the round base before the angle piece next referred to is fixed in position. 

Fixed to the base ia the trapezoid or angle pices of l-inch wood (‘T), Strong glue and 2}-inch No, 12 screws should 
be used for fixing the parts. The top of this piece must be cut off at such a slope that the angle which it makes with the 
base is equal to the latitude of the place where the stand is to be used, A piece of wood 8 in, x 3 in. x 1 in. in serewed 
to the top of the trapezoid piece, and the whole is strengthened by adding the side pieces (R) which are | inch square. 

The Polar Axis (P) is made of bright mild steel round rod, J-inch in diameter und 114 inches long. This steel 
is ossily obtainable at large tool and material stores, The upper end of the polar axis (P) is driven into a rather 
smaller hole in the block (¥) which is of hardwood 6 inches long by 2 inches square, Care must be taken to make 
tiis hole at right angles to the block, A 4-inch hole is drilled through block and axia, and a bolt inserted. 

The Bearing’s (x, x) may be simply holes (}-inch) in the hardwood blocks, with a simple eplit arrangement for 
taking wp wear; but it is more satisfactory to enlarge and square (slightly undorcutting) the greater part of each hole, 
and, with the axis in place, to pour in melted tin or pips composition (lead and tin) to form more durable bearings. 
Before pouring the lead, coat the axis with a mixture of black lead and water and allow it-to dry. If, when all is 
eold, the axis cannot be twisted round, when oiled, it should be gently hammered endways with a mallet, If there in 
still trouble, cut with ao old saw along the dotted line (Fig. 4), through wood and besaring-metal down to the axis. 
The upper halves of the split bearings can then be held in place by screws, Similarly for the benrings (y, 7). 

The Daclination Axis (D), another } inch steel rod, about 14 inches long, ia fixed, like the polar axis, at right 
angles inan 8 inches long, 2 inches square block, grooved for ita whole length on one side to receive the telescope main 
tube (A). The telescope ia fixed to the block by means of leather straps or thin metal bands, Thin Linch metal 
washers are placed between the blocks and the upper bearings of both axes. ‘The balance-weight or counterpoise (w) 
is formed of a amall round tin filled with lead, in which a piece of tube that just slides over the axis has been centrally 
fixed before the molten lead ia poured in. Tha weight is ao adjusted that it will counteract any tendency of the 
telescope to awing round by ita own weight on the polar axis, It would be quite possible to fit graduated circlea to 
this simple head. Celluloid circles can be obtained cheaply, and could be mounted on wooden disca of the same sixes 
—an addition which, with a carefully adjusted stand, will make possible the finding of Mercury and Venus in bright 
daylight and of stars by night from the places given in catalogues. Dut, even without circles, the advantage of being 
able to watch a star by only one movement will be found to be a great one, 

Alt-azimuth Head.—For this only the parte A, D, Y, W (Fig. 3) are required. The polar axia P is replaced 
by a f-inch bolt which passes vertically and without shake through the central bole in the motal top of the tripod. 
A fat brass plate is screwed to, and protects from wear, the lower side of the block Y, which reste horizontally upon, 
and can be turned in azimuth about, the metal top, Turn or scrape the top flat, and grease with vaselina. 

Adjusting the Equatorial Stand.—The completed stand is set up so that the top of the stand is level, with 
one of the legs of the tripod placed towards the south, and with the legs set well apart, Three strong cords of equal 
length should be made taut, one end of each to a central ring and the other end to a screw ring, fixed in the central 
cross-piece of each leg; this is a precaution against a possible accident, 

The telescope tube is next set as nearly as possible parallel to the polar axis, and then, having slightly loosened 
the clamping screw, it will be sufficient, if no graduated circles are used, to gradually turn the equatorial head till 
(in the Northern Hemisphere) the Pole Star is seen in the field of view, The head is then clamped, Any slight 
adjustment in latitude required may be made by moving the southern leg of the tripod either inwards or outwarda, 

An alternative to the cords, which aiso renders the stand more rigid, is the addition of three 
stretcher bars, each made of two parallel metal atrips, fixed j-inch apart, and riveted to a short 
orcas piece at one end, and to tho flap of o firm hinge at the other, The other hingo-flap is sorewed 
to the central cross-piece of the leg, as shown in the illustration. A j-inch bolt with a wing nut (c) 
passes through the three slote, and clamps the bara together. 

When graduated circles are fitted, as more accurate adjustment of the equatorial head is 
necessary, if it is to be of practical use. With a movable stand it is well to have some meana of 
replacing it in the same position when once it has been carefully adjusted, or much valuable time may be loat in re 
adjasting it each night. Three stone alahs, or concrete blocks, having central gun-metal or brass plugs inserted, are 
set in the ground at the corners of an equilateral triangle equal in size to the most convenient leg bass, Each motal 
plug has a hole or recess in the top, in which resta the previously-mentioned metal spike attached to the lower end of 
the Jeg. The adjustment of the head proper may be effected by means of thin wedges under the head, or, better, by 
three screws passing through the metal top of the tripod and bearing on the under side of the base of the head, which 
shoud be protected by a circular metal plate that reste on the pointe of the adjusting screws, 
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The true N. pole, towards which the polar axis should be directed os nearly as possible, lies about 1° (two Moon 
breadtha) distant from Polaris, and very nearly on the straight line joining Polaris and y Uram Majoris—the last star 
im the tail of the Great Bear. If the time ia chosen when the Pole star transita above or below the pole (see .V.A.), 
and the telescope (set aa before, parallel to the polar axis) is directed towards the Pole star, #0 that it appears in thn 
centre of the field of view, then a lowering or a raising of the axia through 1", by means of the southern adjusting 
screw, will make the adjustment sufficiently accurate for finding an object when using an eye-piece of low power, 


HINTS ON CLEANING. 


Refracting Telescope.—A good object glass is so delicately figured that it should be cleaned as rarely and 
carefully na possible, for fear of affecting the accuracy of ita form, (See below, “Cleaning.") 

The lenses should never be taken out of their cell by an inexperienced person. 

The object glass should ba held in its cell with just sufficiont “play” for a alight rattle to be heard when it is 
gently shaken, [If screwed up tightly, it evusea strains in the glass which mar the perfect definition, 


Reflecting Telescopa— A ailvered mirror requires to be kept with very special care, a3 the ailver is exceed- 
ingly liable to tarnish, especially in or near large towns, from the sulphurous fumes in the air, The owner of « 
reflecting telescope, should, therefore, consider having the mirror alumintsed. The coat ts not high, and an 
aluminiwed surface, with care, will remain in good condition for gears. 


Care of the Telescope.—Before removing the telescope after the night's work, cover the object glass or mirror 
with the metal cap provided for that purpose. 

Never take the instrument from the cold outer air into s warm room, or the object glass will become dawed, 
If this should happen, the object glass must not be left in that state; but it should be placed in a warm room, at 
safe distance from a fire, until the moisture has vanished. Any staina left on the glaas must be removed by gentle 
polishing. Never wipe an object glase when it ia damp. 


Cleaning the Lenses.—When it becomes necessary to clean these, any dust should firat be removed by means of 
acomel'sAair brush, Then the lens should be wiped very gently with « piece of very fine and clean wash-leathor or silk, 

When not in use, all brashes and materials employed for thia purpose should be carefully protected from dust 
by keeping them in clean stoppered bottles or air-tight cases, 


Solar Eye-pleces.—The use of a ailvered or deeply-coloured Barlow lens with an ordinary eye-piece in a simple and offective 
way of reducing the Sun's light and heat, The chief objection to the silvared lena is that the film isso easily scratched. A apecial solar 
diagonal (Bir J, Harsebel's), in which only about ¢yth of the Sun's light is reflected from the first surface of a narrow priam, is procur- 
able. With this, the addition of's light ahade-glass is necessary, See illustration in Proctor’s Half- Hours with the Telescope, new edn. 

_ Helioscopes, or Helioscope sye-pieces, depending npon polarization, reduce the Sun's light #ufficiently to enable » dark-glaas 
to be dispensed with, but they are somewhat complicated and expensive applinnoes. 

Spectroscopés.—Small inatrumenta for viewing stellar spectra can be had at m comparatively low price; these acrow 
on to re in the ene ae Those for viewing prominencea, however, are much more expensive, as the dispersion required 
in considerable. Present day replica gratings ore . and yet pg simple s: using these gratings ma: i 

. ae , cheap. and yet good, simple spectroscopes using gratings may be easily 


Astronomical Photography.—Anyone possessing an equatorial telescope with a alow worm-wheel motion on the polur axis, 
ean take good stellar (or cometary) negatives in a box camera attached to the tubs of the telescope, using ordinary photograpbie 
lenses of 6 or greater aperture, which should be carefully focussed by trial exposures ; a driving clock is not essential, though 
adventageona. Tho talescops serves asa ‘guider,’ a atar being kept steadily on crosa-wires in the eyepiece ; these wires can oasily 
be added to « positive eyepiece by anyone accustomed to use toola, Exposures are rather lengthy, from some twonty minutes 
upwarde—to hours for faint stara—and require pationoa, 

Most refractora are not very suitable for taking photographs of the Sun and Moon in the tolascope iteelf, without an eyopicon, 
as they do pot bring the actinic and visual rays to the same focus, and the sharpest position has to be found by trial and error, 
Reflectors are free from this disadvantage, alee ‘photo-viaual' refractors ; but the latter are expensive, The Moon can be 
a by o fixed telescope, of ordinary focal length, in about j-aecond, but the image ia-small—in a 3-inch, only }-inck 

iagoeter. 

Those desirous of taking up this purauit should procure Astronomical Photography, (Rackham), published by Faber, 


A Celestial Globe, adjuatable for latitude, is useful for finding the direction and altitude of Mercary, or a comet, in twilight, 
alao the path of the Zodiacal Light, The stura are reversed as regards lef aod right on the globs, because we view the «tas 
1 


ww) 
ADJUSTMENTS OF A NEWTONIAN REFLECTOR. 

Tae elliptical fat mirror, mounted in a short metal tube cut off at an angle of 45° with ita nazis, is sometimes 
supported in the centre of the main tube and towards the upper end of it, by a single radial arm fixed to the inside 
of the tube. More usually the support consists of three, sometimes four, steel strips of spring temper fitted with 
screwed ends that pass through holes in the main tube, outside which they are beld firmly by means of nuts, With 
the aid of compasses ora scaled ruler set the centre of the fat mounting exactly in the centre of the tube, if it is 
not already so placed. 

When the flat has been centred, its inclination must be adjusted so as to reflect o rey of light passing along the 
azis of the main tnbe along the axis of the eyepiece focussing tube, This must be done by means of the adjusting 
screws fiited to the fat mount, Bometimes thease ore three in number, but a better arrangement is o hinged flat 
mount with a single angle-adjuating screw with a knurled head, and an axial screwed pin enabling the fint to be 
partly rotated and clamped in position by means of a heavy knurled nut, 

A brass diso-fitting, with » central hole about ,4.in. in diameter, is screwed or slid into the eyepiece draw-tube 
in place of the eyepiece, A special fitting, though convenient, is not indispenanble, since the front part of the mount 
of an eyepiece of high power, with the lenses removed, will do well as a substitute, On looking through this hole, 
there will be seen the circular end of the eyepiece tube and within it the flat with an apparently circular outline, 
If the fat is approximately adjusted there will appear, within the circle of the flat, the circular outline of the mirror 
and its cell Aso help to the eye, the large mirror may be covered with a white circular card of the same size on 
the mirror. Then, by means of the flat adjusting screws, gradually tilt the flat until the outline of the mirror (or 
cardboard disc) ia concentric with the eyepices-tube circle: It may be necessary to move the base of the focussing- 
tube mount slightly up or down the main tube to perfect this adjustment, Remove the card and there will be seen 
a circular dark spot, the image of the flat. If thia is not exactly in the centre of the bright mirror image, it muat be 
brought to that position by means of the three adjusting screws at the base of the large mirror coll. he dark spot 

w always most distant from the adjusting screw that must be 
l twrned in. Thus, in Fig. 1, the serew whose position is in- 
dicated by the head of the arrow must be turned in to bring 
the dark spot to the centre, The same result is achieved by 
turning the two other screws equally outwards. The circular 
outline of the fat itself should not be exactly concentric with 
the eyepiece tube and mirror circles, but slightly displaced 
towards the upper end of the tube, aa shewn in Fig, 2 where 
all is in perfect adjustment. EE, the outermost circle represents the far end of the eyepiece tube; T part of the 
tubs which holds the flat; FF the flat itself; MM the bright image of the large mirror; I the dark central image of 
the dat, and S the images of the four spring supports of the flat mount. 

Fig. 3 shows the appearance of a moderately bright star in a good telescope, when the air is ateady and the 
instrument correctly adjusted and carefully focussed—a bright round spot surrounded by two or three concentric 
rings of light. It is impoasible to portray accurately the extreme delicacy of these diffraction rings sa they appear 
on the bast observing nights. 





EQUATORIAL ADJUSTMENTS, 


Ir is infeasible hers to give full directions for the acourate adjustment of an equatorial, Such instructions are given 
in Thornthwaite’s “Hints on Reflecting and Refracting Telescopes,” and in Chambers’ “Handbook of Descriptive 
and Practical Astronomy,” (both of which are difficult to obtain), The chief adjustments are — 

1. Acdjuat the vernier-indsx of the declination cirele, The equatorial being placed in nearly its correct position, read the 
declination of a star brought to the cantre of the feld when near its southing with the circle facing KE Repewt with the circle 
facing W. Lf the two readings agree, the vernier position in correct; if they are not the same, move the vernier half the 
difference between them, Other adjustmenta having been completed, the declination vernier will indicate 0° when the telosoupe 
points to the equator. | 

2 Adjust the polar axis to the altitude of the Pole, Read the declination of a star which is on, or nearly on the meridian, 
and also near the zenith, Compare the reading with the declination of the star as given in the Nautical or Whitaker's Almanac, 
If the amounta differ, sat the circle to the correct reading, and bring the star to the centre of the field by meana of the base 
adjusting screw (5! in the drawing on page 61). 

3. Place the polar aris in the meridian, Point the telescope to a known star about 6 hours from the meridian, either 
E. or W. of it, but sa distant as possible from both Pole and horizon. If the star in E. and ite declination as shown on the 
declination circla exceeds that given io the catalogue, the lower end of the polar axia ia W. of ite right place and must be moved. 
A bormontal or azimuth movement given to the equatorial bead to correct the declination corrects also the meridian position 

Other adjustments necessary are ;— 

4 Set the optional aru of the telemope at right angles to the declination aru. 

6. The polar and declination axes must be ant at right angles. 

& The indar of the Aowr circle must point to 0 when the telescope ts in the meridian and the declination ams horizontal. 

With a movable Aour circle (see opposite), the werniers V"¥ and WV" should slow (ibe readings wien the telescope ts thus sat. 


-_ 


bl 
EQUATORIAL HEAD, 
Tue section drawing representa an equatorial head designed and made by the author. It is suitable for a 4-inch or 
amaller refractor, It was built up of iron and gunmetal castings from simple wood patterns, and a few mild stesi 
and brass rode. All the work required is within the capacity of » 34-in. centre foot lathe, with the addition of 
a single division plate and cutter for the teeth of the R.A. circle, and a ciroular protractor for the marking of the 
divisions on the circles. 

A. Part of the driving-rod with universsl joint U at the upper end, connecting with the worm screw, and 

a handle {not shown) at the lower end. 
Gunmetal coned bearings of the polar axis, 
Declination circle. 

Declination axis. 

Arm screwed to the polar axis tube and adjustable 
for any latitude. 

One of two side plates screwed to the base and be- 

tween which E is held by a }-in. bolt and nut I. 
Lever of cam, When pulled down it puta the 

worm into gear with the fixed toothed ring JJ. 
Knurled head to turn « pinion engaging with a 

circle of teeth cut on the inner side of the R, A. 

ring R. 

Bolt passing through « hole in the base, slotted ta 
allow for « slight movement in azimuth. 

Behind L is a central vertical pin (f-in, in din- 
meter) about which the whole head can be turned. 

One of two push screws for exact meridian setting. 

Knurled declination clamp nut. 

Right Ascension Ring, marked from Oh. to 24h., 
from weet to east round by south, 

Adjusting screw for the slow adjustment of the 
tilt of the polar axis. 

One of the two other base screws. 

Main tube of the telescope. 

Declination Vernier on arm with adjusting push screws st the lower end. 

R.A. Vernier, fixed, for time, 

R.A. Vernier, moving, for R.A. of object. 

VY. Counterpoise weights with ast collars. 

No slow motion in Declination is shewn, but one is a great convenience and could easily be added to the head, 
For convenience of representation V! is shown at right angles to its correct position. It may be rotated about the 
turned end of the polar axia tube, and clamped in position by the screw X. 

A large-faced watch or an ordinary spring clock, regulated to keep siderea! time, with an inner circle of figures, 
XIII to XXIV added to the face, is s most useful, indeed almost indispensable adjunct. This may be set correctly 
to sidereal time each day by means of the wireless time signal. The sidereal time for the previous midnight can be 
obtained from Whitaker's or the Nautical Almanac, and to this 12" 1™ 58" (say 12° 2") must be added to get the 
sidereal time at noon. * 

The method of finding « celestial object with an equatorial of this type is simple, (1) Move the telescope so 
that the declination vernier (V") indicates the declination of the object as given in the catalogue. Clamp in declina- 
tion, (2) By means of the knurled head (EK) turn the R.A. ring till the R.A of the object is shewn by the lower 
er moving vernier (V*). (3) Turn the telescope till the sideresl time as read from the clock i» shewn alao by the 
upper fixed vernier (V"). 

If a low or medium power is used and the head isin correct adjustment, the object should be in the field of view. 
The lever (H) is then pulled down, and the object can be followed by slowly turning the driving rod (A), 

Lf the object is not at first in the field of view, a slight movement of the telescope either forwards or backwards 
in R.A. will generally bring it into sight. If not, the circle readings should be checked and the adjustments of the 
head corrected if necesenry. 

The head should be fixed on a strong wooden braced tripod or iron pipe filled with concrete and protected from 
the weather by « galvanized iron hood, the telescope itself having been removed. 

* For places K. of Greenwich « correction af Im. of time muust be added for each IF of longiiude: if We. nubtrarted. 
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The accents are pronounced as follows :— 

Note:—Thia list follows the eo-called Englinh method in 

of progunciation, whichis generally weed for Latin & 

and Greek proper names in English context. oe 
Constellations.—For the genitivea (g.) of names ending in us “wm, change the -wa or -wm into «i [ unced | 

Those ending in a + change the a-into.« (grotounsed 4), ke Mensa, Metam. Modern sdisae ure ae 


Asonownnas, in~irim de Andromeda | Convun, kor'vie  ... ow. The Crow | Orarmomus, of-i-i'kia The Bayon odemeret 
AgTiia,” dnvHé ... The die Pump! | Cuvren, krit’tdr (y., krdt‘dr-ta) The Cup | Onion, Seba (g. Gr-i-6'mis) ‘he ffunter 
Arta,” A’ piia (y. a-pod"is) Hird of Poradie ) Caux,* kroke, (g. erddeiny) ... he dross | Pava,* pave iy. pil-vi' min) The Peseook 
AQvaHiCn, b-kwil' Tide The Water-boorer' | Cronva, aig’niie .,. wo The Swot | Peasoa, pagina as Pegasus 
AQUILA, Gk’ wield... o- «= The Zagle | Deweuwon, dét-ff' nie oe The Dolphin | Piet, piir'elis or plr’s8-ie Perseus 
AMA, re on a The diter | Doana,* dina (ps, ~thdcie} Sworddah | Powe,” (nike (y., f-ni'cis) The Moni 
Aton, Br" gt We ir gode) «Spar | Daaco, dra'kG(y,, drikd'nis) The Dragon | Picron,* pik’tar ly. -tiela) 9 Ae Painter ® 
AMER, Ori-te (yey herd Uin) The Ram Equtiecs, é-lwio'td- ds The Little Horse | Pract, pie te (g,, plat-im) Phe Fishew 
Anhiga, Orlane The Chorioterr | Earbanys, &rid‘d-nda The Miver #rigdanus | Proc ACSTHINUA, pin‘ ie da-tef nie 
Bostras, badd ia (g.,-tie) = The Aferdaman | Founax," fir'niike (, fér-nia'le)  urnase4 The Southern Fish 
Cagcom,” f liam ve ee he Chao! | Gem, feta’ Lal (y., -nd'rim) The Poona | Pore," pips (g., paipla) Poop lef Ange) 
Ca nenora no Os,” ka-mél'S-pdrd-ie = Girage | Gava,* grids iy, rite) ... Phe Crane | Praxis,” pik’sia (g., pik’si-dis)  fAe Compan 
Canonn, kio‘edr (7,, kdin-krt) The Crab | Hemovies, blir’ tih-lie fy. fa) Hercaice | Farricunte,* ré-tik'i-lam ... he Net" 
Canne Vewaricr,” ka'néx vi-ndt"-fef or -kel Homo.oooat,”* bdr-d-ld" jie The (look | Sacrrma, si-jit'é .., a) he deo 
@. knit vient T-ke'riim) CGreyhownda | Hyioia, hi'drd ae The Water Snake | Saqrrramsus, efj-L-ta'rids ... The drcher 
Caste Mason, ki'ninmd'-jar, (gy. ores Hosts,” bidrde ... 8 i Boamrio, akér'pld (g.,-d'nis) The Scorpion 
» Mowor, ki‘nie miner = (g. mi-no‘ris) | Inca," in‘diia HA vs The Indien | Scomprve, akir'pi-ie (x, akér'plt}  —,, 
The tireater Lesver flog | Lacwwra,* lk-sGr’tl a The Ditaored Soutcron.* ake" ig. trie), Seulptor 1 
Carnicountn, kip-ri-edr’nis = Vhe Sea-goat | Limo, 1a (y., 16-d'nla) The dion Cites | Boorom,* #ka"tam.., von The Shietd 
Canrra,* kdb The Heel (arya } no MiG," ool’ neér (9, mind's) Leimer | Sonrans, er ig ser-pin‘tin) Serpent 
Cassporgta, kie-Dd-pe'yh ... Cassiopeia | Lars, |B'pile (y., bep'dr-ia) The fore | Sextass,” epke'téing (yp. vali tie) Sexton 
CENTAURUS, s&n-th' rin vo The Centaur | Loana, bra ve oe The Helonces | Tatnos t6'rin The Hull 


CEPUnUS, sé'fils or sB'{d-fe ... 
Carts, oftas 


The Gea Monster or Whale 


PRONUNCIATION OF NAMES 


pie |) Lorca, if'p 


CHAMAELEON,” bi-ma‘li-in = (y., “lGn'tie) | Lina, [rd 
The Cheloor 

Cimors,* adr'si-nie Phe (nn a 

Cocowna” ké-ldim bah i he a 


Coma Eitnastoms,* bb'odk birdont ade 
(gy. k6'mnd bér&-nf'ede) Bereniee's Fair 
QOonowa Aternauia, ki-ri'nd ds-trit'lie 
be reed Tis 
The Southern and Northern Crown 
Onigizal Forms, 'Antlia Pneumatics, 


«= BUR AL, i" 


pe 


Mitsca," mile’ 
Soma,” odr'md 





a aa in fate 


Lrwx,;* tobe tes -lina’s) pe 

[MaLvs,"mi‘lds,(now Prag) Mast of Argo) 

Muwaa," mign’si  ... Tolle MWountoin: 

Micniaoori eit," rel-bert-aled p-i- ian 
The Micromnpe 

Mowocknoa,* mo-ndeerda (y., Gr5'the) 

Ootaia,” Gk"ting (ip, Clete tin) 


ECasla Boulptoris, The Seulptor's Chisis. 8 Oulante Nowchil, Neah's Jee 4 Forma Cham 
Tie hemire! Pereoce, Mien Menem, 9 die Moeee Anstradin. Oetacw Hadlletanus, Soudley's Qotard. ' oka wy 


Gain we 1 aa in foe jaa in go fins in unite 
‘Liv: & , met fo 6 , odd & , wp 
arm 4 ,, waler ai bo «orb i, wn 
oofs pe = oh i ,, food 








[The Unicorn 
The [Southern] Ply! 
- Ociant! 


eo» dhe Wolf | Tuurscorum,” tiléaki'pl-Gm The 
The hone TaascvLom, trang’ pi-lém 
The Lyre | «» Aternace,* ,,-Cetri'ld Southern ,, 
Trans, t86- kiln o« Phe Towean 
Unea Mason, dr'sdind'jée — (y-ftred cod-jo'rin) 
« Minow, dr'edmPndr = iy, dire! mind'ria) 
The Grenter anc the Lemer Hears 
Vieua,” vé'la (g., 08-1'riiin) 
Fino, vied (ig. wie’ fi-nia) The Fivgin 
rae (ra, «Lary Eley) es 
one Fow!t 


he Square | Votama,* 
Vowraotia,” vil-pek’t-ld 


© Hquuteus Pietoria, The Painter's Basel, 


OPyuie Nautica, The Mariner's Compan, 14 Revionluim Biombotdalia, The Mhombeldad Act. 1 Apparatus Seulytoria, The Seu/péor's Werkahon, 


FFSsuiam Sobikil, Mobos dd = Be gkane Uranke, f!romin'y Betas, 


Star and Cluster Names, Many of these, transliterated of corrupted from the Ara 
Caph, Chaph; Cetalral, Kelbalrai; Tarazed, Traxedd, dc, mye; ansrain; c=korkh; c= 


Achernar, ikér-nir @ Eridani 


Alehi®a, dkbba! = Corvi 


Ateor, al-kte’ 80 Ura Maj. 
Aleyone, ilaT6-n8 = y Tauri 


Aldsheran, M1-dab'é-riin o Tauri 


dideramin, dlé-rimin a Ceph 
Alyeiha, G-ji'ba = -y Leonia 
aAlgenih, ey + Pegnat 
Algol, il git, il-gal’ Bf Parsei 
digorad al-ai-rab’ 8 Corvil 
Athens, Al-hén'd = -y Goenin. 
Adioth, al]-Gth’ «Ura, Maj, 


fad, alka’ Hub 
Albalwropa, il lehlirtipe jo! Bott 
Atos, il=loie* ao Craberia 
Almich, Gl-uik’ + Androm 
Alviiom, il-ni-lim*® ¢ Orionia 
Alphord, al-fird’ o Hydre 
Alpheces, Al-f#ie'd = a Cor, Bor, 
ipheraiz, i-fe'rite o Ancdrom 
Alphvrk, ki-firk" 8 Cophail 
Afrai, &)-riif + 


Amoco’ alike aU Min, | 


dlshoin, -ahiio «=f Aquile 
dinate, @lthr’ . eee 
Aboon), alawi td A Draco 
Antercd, in-té'rin = @ Seorpiil 
Arcturus, Girk-ti'rie a Bootis 


Aridert, dir-i-cded" a Cyenl 
Arneb, ir'ndb om Lapeer 
Asterope, is-tér'G-pé 31 Turi 
Atfas, Atle 7 


Azimech, de-t-mil’  ¢ Virginie 
Aaten Kaitos, bit o-kT ta 5 Cott 
Salona, bi-la*tri + Omooia 


Senetrarach, bb-nét'nlahy re Maj 


Fis: bt =i a Urionis 
Canopus, kéend'phe « Argiis 

Capella, ki-pil'a = « Aurign 
Capa, kif Caasiop. 


i e 
Castor, kde'tér, kile'tér ao Gem, 
Cor Caroli, kir kar'é-H ao C Ven 
Cor Ayden, bir hfdrd « Hydre 
Cor Leonts, Or |8-6'nia o Leonia 
ree kr sir’ pi-l 
or ky skfe-pidioia) oo Beorpil 
lacunae, oe es 
a. Sirperitin 
Cure, kitr-ci‘ 8 Erilani 
Deneh, déo'th a Open, & Leouis 


| Deneb Algiadi, dika’Bo M-je'dl 


5 On 


Denetola, dé-ndb'-Gld # L: 
Diphdta, dif dd # Ceti 
Dhuhlie, diib"ha a Ur. Maj. 
ak Ser 17 Tauri 
nif, Kaiphen tf « Pegnsi 
Arrai, irri’ + Cophai 
Ftemio, tti-min*® » Dracunds 
Fom, fim # Peomal 


FomolAwud, (6'miil-bdt, -mal-d 

a Piscie Austrini | 
Gemma, jén'd 
Gindi, Prima & Serwmala, jedi, 
pri'mn, seiedio'ddé =o), on? Cop, 
Gomeisa, goolei = A Can, Min, 
ffamal, hiam‘il a Arintia 
Homan, bi-miim' = > Peyasi 
Agocdes, bi d-die (Star Clunter) 


fear, Snir’ e Boiibin 
uttain, kel-tdin* a Pisco 
Kaw Awatentia, ede fetra' lle 

© Sagitterii 


6 Cerone Hor, | Oibea, 


Ace a 


Kelb al Rai, kblbal-rai’ 6 Oph, 
Kooas, kok = 8 Ura. Min 


Marsik mar'sik  « Herculis 
Mehauia, méb-id'td « Gemin, 
0 Ura. Maj. 


Menitolinan, mén-kil-i-nidin* 

8 Auriga 
Mentor, -bob, mén'kir  o Ceatl 
Aferal:, mi‘ rik Urs, ¥ 
Merope, mér't-ps = 2) Tard 


Afra, mfr o Ceti 
Afirook, tol'rik, mi'rike & Andr, 
Mirfak, mir’ fik a Parsei 


Mfirsom, moilr‘sim 6 Cau. Maj 
Miser, mI par 2 Andromedie 
i Uree Majoria, « Buiitin 
Mopketd, mid‘trid 9 Bovitie 
Nath, nivth" Tauri 
Nekbor, ofk-kir” 5 Botitin 


ok da Pei 
Phat, fiikt a Columba 
Pheoda, (ied Urs, May 
Pletades, pill or ple'k-dte 
Plctone, pli-f'nd 28 Tord 
Polaris, pi-lii'ris a Uru. Min, 
Pollux, polis B Gemini 
Prmepe, pré-ef' pd Cluater) 
ania Min 


Aaa Afoethé, ria ol. j8'té a Here. 


Pec Vola, | Tulpevula tt Aneer, Tay Por ond ths (oon, 


have no standard spellings, an Arneb, Arnab: 
}f=ph; m=n; s=zore; ab=moch; t=th 


Mastaban, rha-ti-tin' y Draconis 
Regulva, rég'G-lda a Leouln 
digel, ri'gél, rI'jal—B Oricnin 
Hotaney, ee a A Delpbind 
eerie -dk-bé'd = Aqr. 
Sacdolmotdh, wdjel-itt-tsdl Te Vie 
Sadalrud, mid-tl-eddd" B,, 
Seheat, abit 8 Pegnai 
Sthedar, shéd'ir a Caasiop, 
Sheliak, ahél'iik A lara 


Sheraden, shir'é-tiin' # Arietia 
Sirius, alr'l-Ge aCanMs 
Sisrah, wir’ @ Andromedm 
Sibat, att: 8 Aquarii 
Spica, a Virgi 


Tarscent, - 

kn tite | 19 Tani 
Th , thbo-bln’ a Discos 
Crwbathey, Genie’ il-ha’ ¢ Surp, 


Fegan, v8 oa a. Lipre 
Finidemute, vin-dd-mi-i' trike 
, ¢ Virginie 
Waset, wi'elt = 8 Geminorum 
Fed, youd éOphiuehd 
fourak, aif'rilk ( Eridani 
Zawtjad, eh'ri-jh Virginia 

| Zenon, Zora, ete kd, pfw' nd 

d Leonia 
Zuben ef Genuli, wdieben” ai je- 

née bi a Libram 


» tHokradi, 1 hiceri’bs + ,, 
» &Chamali, él sha-mi‘la 
Bubenesch, nid-ben'th A ,, 


La us, ( . to L 
Constellations are warked *, wy Gu tae) 


Pelescope 
The Triangle 


Swide (af Argo) 


ee | 


THE BRIGHTEST AND THE NEAREST STARS. 


Dintance Annas] | Laemtaontey Spectral 
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Magnitude 











































Apparent Absolute |P*T8U"") Tyre Parsee | ra, | (Sun=1) | ‘Type 
Sirius 65 43-0" | — 16° 38 |-1-47 13 O"-S75. | 9 a7 | 121 26 ALY 
Canopus @ 223 | -—82- 40 |—-0-71 -T41 |OTO18 | 300 $2 "02 80,0007 FO Ta 
a Centauri 14 36°5 |-60 38 | 0-27 44,08 | O75) 4 1-3 3"'61 P1072 | G0, KS 
Voga 18 352 |+58 44) 0-03 0-5 O"-t24 | 36 B35 o”-28 fe) AQ 
Areturua 14 134 | 419 28 O06 -02 o'-090 | 36 115 2"-00 100 K2 itp 
Rigel 5 191 |/- 8 15| O08 | -8-81 | 0003) 850 | 261 | O00 | 180001 | BB Ia 
Capella 6 123 |}4+45 58) O09 - 0-6 O'-oTs | 45 138 O”-44 150 GO 
Procyon i 365 [+ 6 29 O-d4 26 O°-288 Il a-4 1-03 5 (|FSIV-V 
Aohernar 1 35-9 |-57 30 0-49 - 0-9 o”-023 Th 33 O"-o9 200 BS V 
8 Centauri 14 O39 |-60 fT O61 -39 o°-016 | 300 $1 0-3 3,000 BL Ilr 
Altair 19 483 |+ 8 43 OTS 24 198 | 16 sO | O38 | 9 |ATIVY 
Aldebaran 4 33-0 |} +16 26 O78 —O-1 | O'-48 65 20 19 90 |KS5ITII 
a Crucis 12 23-7 |-@3 60) O86 |-27, -22) O" O14 | 270 83 O03 |1,000; 660) KITV 
Antares 16 26-5 |}-26 20) 92 -40 oor | 400 1a o'-03 3,400 M1Ib 
Betelgeuss 5 S25 (+7 M| O82",) -29 O°-005 | 650 200 O01 1,200 M2 Tab 
Spica 13 273-5 |-10 54 0-98 =i] O'-021 | 220 67d O"-O4 1,800 B1V 
Pollux 7 493 [498 8] LIS 12 |} o-oss | 35 | 107 | O05 28 | KOLI 
Fomalhaut 29 64:5 |-29 53 | 1:16 20 Ol44 | 34 72 | OIG 18 | AiV 
Deneb 20 39:7 |4+45 6 1-26 =5231 | o-O13 | 1500 460 o-00 10,0007 | A? Is 
8 Crucia 12 448 |—59 25 128 -25 Oo | 370 62:5 o"-03 Aa0) «6IBOS ITV 
Regulus 10 &7 |+12 13 1:33 0-2 o"-"039 85 172 Ono) | 70 | BIV 
Castor 7 Sl-4 /+82 oO] 1-58 1-4, 2-2 | oO -O76 45 18-2 O'-20 | 35; 11 AO 
Neanest STArs. 

! 

Proxima Centauri | 14°94-5"| 69° 99") 10-5 161 o-76 42 3 | #75 0001 Mt 
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BAYER AND LACGAILLE LETTERS AND FLAMSTEED NUMBERS. 


ANDROMEDA A, 49 b, 606 oc, 62 


Aust. A103 A3106 «bt, 98 =, 9901s cl, 6, Bc, BOs, Hii, 3B 
53 g, 6 bh, 83 #106 i107 #108 &k, 38 

Aautis A, 28 ob 31 6 385 od, 87 «26 36 of, 36 Ug tlh, GB OU, Ik kT 

Scorkk b 46 o 45 dp 12 «8 6 # 9 -g 2% b 38 4 44 ke 47 

Ganeen. Al4dS A450 b, 49 6 36 di, 20 2, 25 


Oarpmrcomnua A, 24 b, 36 c, 46 
CassIorzia A, 48 


Centaunue g& 2 h, 4 i, l k, § 


enion, A,68 bL27) «oD, 28, Dg, 160d, 900, 26s, BD Sg, 71 
P, 34 

icra A,15 6b, 39 oo, 460 Od, 2S, Oh OTC, 16 OK, 19 0 

eicnane A, 30 ob, OF 466 Sl 6d 4S (OL, Sw, OT Ow, BRO 

icine A, BT »b 65 « 76 d, 36 « 38 f, 74 4g, 81 

Heacures Ajljt b 95 jd, 5d «6 69 86f, 8g 30 Uk, 8 OU, CU, el, 
m,36,87 nm, 28 o 21 +r, 6G 107 uo, 68 w,72 x, 77 y, 82 » 88 

sales A533 5 6 &, Gl 1, 52 m5t D112 E58 P, 27 

cule A, 31 6b 60 06g Oe OU, 8 Cl BF CU 1S Clg 82 lk, CU Ok 
m 5] oa, 73 of 95 386 p*, 61 p62 pi és p69 

Lueve. f 2 4 1 

Ornivonus. A, 56 b, 44 e, 61 d, 45 f, 53 

Onon. A,32 b Gl oo 42 d 4 oo 2 69 79 g G6 4,16 i, ka 
k 7 861, 75 m 23 «ot 8S 06 6 38 Oo, 22 COp, 37 

Panenue A468 oo © df 5S «6 58 ££ og Ft 6lU8lUL, hl Flo 48 
o, 40 

Pieces. . : bh 7 o 8 d, 41 o 80 £ 8 g, 82 bh 68 i, 65 k, 67 
' 

SaqiTTaniue A, 60 ob, 59 ¢ 62 od 43 ef St oot GS Of, GG 6g, 61 Ot, Bl Obt, 52 

Scorrius. A 2 Ft AW @ 5 leh ll 

Serrena. A, ll ANS Ob, Gl, GOCUd, 668 

Taurva Al, 37 A139 4 06b, 79)0hCc, 80)0C sd, BS, 8OCdlCUGtC(iCi STC, kr, 98 
1, 106 m, 104 n,108 866,114 p, 44 q, 19 r, 66 a, 4 s 6 o, 29 

Ursa Mason, A, 2 b, 5 e, 16 d, 24 e, 18 f, 15 g, 80 h, 23 

Virao. A',.4 AN, 6 fb 6h 1606 8 OU 88 ll, OF Cf, elk OCU, 


k, 44 «6 7%) 6m, 82, TH Oop, 90g, 2] 


In this Atlas, Flamateed numbers are used in preference to Roman letters, since the former generally follow in each constellation ip 
erder of Right Ascension, and thus the places of the numbered stare are the more easily found, But, as the letters are sometimes used 
(occmsionally in the italic form), the above table has been prepared as an aid to the speedy identification of the star. 


GALACTIC COORDINATES. fifi 


Definition of the new (1959) 1.A.U, system of Galactic Coordinates. At the Dublin General Assembly of the 
International Astronomical Union in 1955, Sub-Commission 23b waa appointed “to investigate the desirability of revision 
of the galactic pole, and of the sero of galactic longitede,” At the Moscow General Asembly in 1958, the conclusions and 
recommendations of this Sub-Commission wera reported and discussed, and Commission 33b waa authorized to define the exact 
values of the coordinates of the pole and of the zero of longitude. 

Commission 33b has now defined the following values of the relevant quantities :-— 

(1) The new north galactic pole lies in the direction 

ae 12°49" Ge +27°.4 (equinox 1950.0). 
(2) The new coro of longitode is the great semi-circle originating at the new north galactic pole at the position angle 
@=—123° with reapect to the equatorial pole for 1950.0. 

(3) Longitude increases from 0° to 360°, The senee ia euch that, on the galactic equator, increasing gaiactic longitude 
amir to increasing right mecension. Latitude incresses from —90° through 0° to +00" at the cena 
galactic pale, ‘The system is therefore similar to the Ohisson aystem of coordinates. 

The above quantities are to be regarded as exact so that the mew galactio coordinates may be computed to any desired 
accuracy in terma of right ascenaion and declination for the equinox 1650.0, 

Other Useful Values (restricted accuracy), The quantities which follow have been computed from the definition but are 
given only to an sccurmey of the nearest integer in the last digit. 

{o) The 1800.0 values corresponding to those in the definition. 

New Pole a= 12"46".6 
erie \ 1900.0 
New Longitude Zero at position angle = 125".04' (1900.0) 
{b) The old galactic coordinates of the new pole. 


}'= 347".7, bi = +88". 61. 
{c) Position of the point of zero longitude and latitude (new syatem), "=O, b =, 
In equatorial coordinates 


a= 17393, $= —28"54' (1900.0), 
a=]7*42"4, §=- 28°55" (1950.0), 
P= 327°.69, bla — 1°40. 

Nomenclature, At the Moscow Assembly it was decided that the symbols |, b should be retained for galactic longitude 
and |atitude respectively. Commission 33b suggests that, during the transition period, the symbols [t, bt should be used for the 
old system and 14, b" for the new one. The Commission also strongly reccomends that, apart from these superscripts, it should 
be made quite clear whether the galactic coordinates used in any publication are based on the old or the new system. 


Basis for choice of new system. The new system in intended to be oriented, a9 clowely as is now practicable, so that 
the pole ia perpendicular to the mean plane of the Galaxy and the circle of sero longitude possess through the galactic cantre. 
The pole position was based primarily on the distribution of neutra) hydrogen in the inner parts of the Galaxy (R < 7 kpc, 
assuming Rega = 6.2 kpe); the most precise evidence on the galactic centre came from the location of the radio source 
Sagittarius A, which is presumed to be the galactic nucleus. It remains a problem for future investigation to determine to 
what extent more exact positions of the layer of nemtral hydrogen and the galactic nucleus deviate from the qnantities adopted 
for the present revision. However, it may be expected that these deviations are amall and will not give rise to further revisions 
of the galactic coordinate syatom in the near fature. 

The new method of specification of the zero of longitude in terms of its position angle has been chosen because this englo 
is one of the quantities used directly in conversion formule from equatorial to galactic coordinates, 

The equatoria) plane of the new coordinate system must of necessity pass through the Sun. It is a fortunate circumstanee 
that, within the observational uncertainty, both the Sun and Sagittarius A lie in the mean plane of the Galaxy as determined 
from the hydrogen observations, Ifthe Sun had not been so placed, points in the mean plane wonld not lie on the galactic 
equator. 


The Maps in this Atias now have the Celestial Poles and Equator charted in accordance with this new ayetom, and the 
Galactic Charts (Maps 17 & 18) have also been completely redrawn to conform therewith. 


STAR CHARTS 


ABBREVIATIONS AND EXPLANATIONS, 
Small Crosses (+) indicate the points of intersection of lines of intermediate 20 minutes of R.A. and 6° of 
Declination, 


Marginal Divisions in B.A. denote 5 minutes of sidereal time, and in Declination 1°, 


¥ (small, toa star) donotes varishility, A varinble star which reaches @th magnitude or less at its maximum 
brightness is marked by a small circle only. 


B or Ru (small, to a star), A red, orange, or yellow star, In the case of E-B red stars, the letter B is not 
added as the letters E-B are o eufficient indication of the colour. 


Number only (to a star), The nomber in Flameteed's Catalogus Britannicus 
Number underlined (to a star),eg, $6. The hour sumber in Piazsi’s Catalogue 


Greek or Roman Letter (to a star). The letter assigned by Bayer in 1603, and, since Bayer's time, by 
Lacaille and Gould in southern constellations. 


Number only (to a nebula}. The number given in the 8.G.C, rin, the New General Catalogue, being the 
General Catalogue of Nebula by Sir John Herschel as revieed and enlarged by Dreyer (1685). 


Number with smail number to the right (to a nebula) Sir Willism Herschel's numbers and the classes 
into which he divided the nebalm, Thus, 374 = HIV 37. (See nleo p. 57 opposite). 


These classes are :— 
lL. Bright nebula ¥. Very large nebulm. 
IL Faint nebule. VI. Very compressed and rich clusters of stars, 
TL Very faint nebulm. VIL Compressed clusters of amall and large stars, 
IV. Planctary nobule. VIIL Coarsely scattered clusters of atara 


ep.m. (in Double Star lists) =Commen proper mation. 


Abbreviations of the Names of Observers, generally followed 
by the current number from thelr Catalogues, 


A Aitken, K. G. L. Lacaille, N.L, de, 
Ar, Argelander, F. W. A. LL Lalande, J.J. de. 
A.C. CQlark, Aivan. Lr, Leavenworth, F. P. 
Bar, Barnard, E.E. M. Measiar, C. 
Bra. Brisbane, T. Mel. Melbourne Obs, 
Oar, Cordoba Oba. KR Russell, H.C. 
Op. Cape Oba. Rmk. Riimker, 0 L. 0, 
En. Espin, T. E, A. 8. Bouth, J, 
E-B, Eepin-Birmingham. Ba. Santiago Oba, 
H. Herschel, Sir William. Sir. Ballora, 
bh. Herschel, Sir John, U. A. Uranometria Argentina, 
Hb. J. Herachel's Catalogue of W. H.'s Woe. Winnecks, 
double stare 
Ha. Hows, H, A. A Burnham, §. W 
Hn. Holden, E. 8, & 3, J. 
Ho. Hough, G. W. a Lowell Oba., Bee, 
Hrg. Hargreaves, J. Oz Struve, Otte. 
Hu Hussey, W. J. Orz Pulkova Catalogue. Part IL 
L Inne,  T. A z Btruve, F. G. W. 
Je Jacob, W. 8. * Pulkova Oba. Appendix, Vol 1TL 
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Herschel Designation — N.G.C. Numbers Conversion Table. 


The New General Catalogue has long superseded Herschel’s Catalogue (p. 56), 50, in order to 
identify a Cluster or Nebula in the following Charts, if only its N.G.C. number is known, the following 
‘Conversion Table’ by the late William H. Meyer Jr., gives the N.G.C. number for all objects in the 
Charts bearing a Herschel designation, 
The ‘type’ code is as follows: 
¢ =— open clusters: g = globulars: 
The Table is reproduced by kind permission of Sky ana Telescope. 
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INTERESTING OBJECTS. Maps 14 2. ov. o eo Deo) 










Double Stars. 
Eroon 1950. 
O67 Camelop. | 3° 52:97) + 60° oF | 47°: 1°92 1925] Gold and green. 
E4R5 - 4 34 | +62 304°! 18"-3' 1925] Relatively fixed. 

i vs 69-0 | +60 | 208°: 80-9 1983] Faint comes to B at 14°-8 distance, 

E634 . 143 | 479 62°: 91.1926) Optical pair: d diminishing from p.m. of A. 

19 i 324 | +64 47°; 1 3i1ga1 | = Ha, 1107, 

Z1133 ws 412 | +65 B* 15"-3: 1994) Relatively fixed. Rich neighbourhood. 
21197, 424 | - 64 na | ped (1926) Triple, No relative motion. 
E1694, 48-6 | +85 26° | ae 1024) Pale yellow and lilac, Relatively fixed. 

y  Cussiopei= 92-4 | +67 | 119° ont © 1995 Comes double, m.9-5: PA, 254°; 3°". 
F163 = 47'6 | +64 | 36°; 34°°7 /1922| Splendid gold and blue, Relatively fixed. 
2185 573 | +75 90°; 13/1921) Binary. | 
48 - 57°68 | +70 TS 330") Pg: 1926) Binary, P.63y, 2.0"-4, 1903; widest abt, 1935. 

: 24-9 | 467 ay | Fs ‘1990 | Triple ater, Fine object in 4-inch, 

OZ52 131 | +65 o4"; O'S: 1924) P.4. decreasing. 

6 “e 46-4 +61 189"! 18: 1925 Helatively fixed. ¢.p.m, 
E3053, 0-0 | +65 71" 15"3' 1924) Relatively fixed. 
£520 Cepnei 69-2 | +79 931": 4°°8:1025) Orange and blue, 

460 Sy, 14 | +80 65°; 07-9 1924) Incronsing P.A, 

K _ 10-7 | +77 iga*; 7"-4:1023) Bluish comes, Relatively fixed. 

B . 25-0 | +70 } 250° 13"-7 1022) 3-3 mag. is w apectroscopic binary. Relatively 
OZ457 » 543 | +65 250°) 15) 1926 es Est ar [ fixed. 
soa7sli, 4 | +82 72°'13°8 1993) Physical pair, P.A. slowly deoressing. 

: a 22 | +64 a79°: 7°-3 1929) Little relative motion, Probably a slow binary. 
E2893 13-0 | +73 | 348°: 29-0 1923) Relatively fixed. 

T2048 =, 47°8 | +66 a 8 1624) Relatively fixed. N. of s 
59950, 49-4 | +61 gog"| 23 1998] P.A. slowly decreasing. 

o ~ 164 | +67 205°; 3°0 1926) Binary: orbit doubtful, Teat for 2inch, 
OFE 123 Draconis 254 | +65 147°; 69" | -. | A fine object, Stars yellow and blue p.m 
22054 23-1 } +61 355°; 1°-2:1031) Near » Draconis, 

" = 233 | +61 142"; 61/1925) Light-test for Jin, telescope. 

20 - 562 | +65 78°! OG: 1025) Long period binary, 

Fass, 155 | +60 115":10"-1 1920 | Relatively fixed. 
26 _ 34-5 | +61 } 929°! 1" 1924 Binary, period 111 years, 
¥ mi 42-8 | 472 15* ;30"-6 1024) Yellow and lilac, ¢.p.m. 
40,41 38 | +80 234°; 19"-8:1925| Relatively fixed, 
Tu03 =, 43-7 | +61 oTi! "6. 1926) PA, incressing alowly. 
E9573, 394 | + 60 ye '18"-3 1923! Little change. 
e 1 19 48:3 | +470 : §7-3) 1926) Pleasing contrast, 
[2640 =, 29 49 |4+63 ed 55! 1924) P.A, decreasing slowly. 
a) a 20 17°8 | +580 | S45" 4"-051914) Relatively fixed. 
i : 
$1193 Urewm Maj.) 8 15-2 | +72 87° /43"'1: 1925) Relatively fixed. 
o 9 60/467 90°: 1°5 1995] Binary. Decreasing PA 
a9 . 9 7-6 | +63 271°; 22°86 1924) Relatively fined. 
EMuis 10 139 |} 471 | 167": 16" 711985] No change, 
OZ235 4 1 29-6 | +61 | 360°; O"-7 ‘1930 Binary, period 72y. Widening to 1" 0, 1950. 
Hu 1136 ,, 12 32 | +63 223° ¥ ea Relatively fixed. : 
f 
a Urex Minoru 1 48-8 | +89 | 217": : 187-3: 1994. Polaris, the N. Pole atar*. A well-known test, 
ew! 2 15 32-1 | +80 81" 310 1984 Little change, ifany. 4° nalightly p (. 











INTERESTING OBJECTS. MAPS 1 & 2— Continued. 
(CincumPotar, NorTH). 





Variable Stars. 
Erocw 1950. 
RA. | Dine,  Var.of mag. |) Spectrom Period 

RZ Cassiopele 244-4") 469726" | 64-75 | A 119 days | Algol type. 
SU - 2475 | +68 41 6-9-6 FS 105 =, | Cepheid type. 
T Cephei } 21 88 | 468 17 fh. 9-5 Me wal, 4, Long period variables. 
Vv A | 23 54) | +82 85 62-71 A 360 oS 6 
KR Ure Majoris | 10 412 | +69 3 60-130 | Me 338 Si, = a 

Nova. 


Nova 1572 Cassiopeix. 0” 22"-0, + 63°53", 

The new star first seen by Tycho Brahé on Nov, 11, 1572, when it was brighter than Jupiter, then in opposition 
and near perihelion, It soon became as bright as Venus, and was seen by some even in broad daylight, At the 
and of the month, it began to fade gradually, and underwent o succession of changes in eolour—white, yellowish, 
ruddy, and finally leaden. At length, in March 1574, it ceased to be visible. Tycho's instruments wore too rough 
for him te determine ite place with great accuracy, so that it is uncertain whether one of two faint stara, near the 
position that he gave, is identical with the Nova. 


Nebule2 and Clusters. (Maps 1and 2 = ( Unlettered Now. are thote af the NUG.C.) 
995, H.VIIL 78 Cassiop., 0" 40" °6, +61°31'. A fine cluster, somewhat WV shaped, Half way from y to «. 


681, M103, rn 1229" 8 460°26, Beautiful field 1° fund slightly N. of §: contains 213] and a red star, 
663, HVI31 a. jeaom 5. 461" Of! A fine open clustor, visible in finder. Includes 2155, 
7654, M52, «93° 92"-0, +61°19 [regular cluster nbout 20° diam, containing an orange star. 


6543, HIV 37, Deaconis, 17°58" -6, + 66°59, Planstary nebula. A remarkable object: very bright oval dive like 
a star out of focus, with a central "6 star, Biluish; nearly at 
the N. Pole of the Ecliptio. 


$031, M81, Uree Majoris, 9° 61"-5, 4+ 69°18. Bright, with almost stellar nucleus grouped with small stare: Spirnl, 
with rather faint arma. 


$034, M82, » 9 5)%8,4+69°58. A narrow curved my 7° x 15, with rifts. Really a Spiral seen almost 


edgewise. Within }" of M81, which is included with a very low 
power. 


5329, H.1 256 ~ L479, 4+60°20. A bright, roundish nebula, with o brighter central part, 


* Polar Easily found by the Pointers (a and 4 Ursm Maj.), 1° from the N, Celestial Pole in 1950; nearest in 2005, within 2, 
It is qoxy with 2) inch ; companion bluish. The large ater in « spectroscopic binary and slightly variable 
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Double Stars. 
Erpocnw 1950. 
FLA. Dec. 
360 6Andromede} 0° 59-3) 4. 99° 99° 
T fi 3 O08 | +42 6 
7" fa 2 «(08 +42 6 
E3042 a 26 40-3 /437 37 
E3050 i 3 66-9 | +35 27 
41 Aquati =| 239 11-5 | —21 19 | 
fl " 33 215 )- 6 
53 * 92 259 |-17 0 
f i a3 96-2 = 0 17 
o4 ‘ 93 164 /-15 44 
LO7 ss 93 43°4-|-18 BT | 
1 Arietis 1 47-4 |4+92 2 
¥ rE 1 60° +19 a 
X «©Cassiopeiz | 0 29-0 | +54 15 
q : 0 46-1 | +57 33 
e e 98 564 | +55 29 
8 Cephei [99 97-3 | +58 10 | 
42 86Ceti 1172 )- 0 46 
E147 st L $93 | -11 34 | 
p Eridani 1 87-9 |-56 27 
a Gruis- 93 40)|-43 48 
22804 Lacerte [99 16-7 | +537 81 
8 a 2 336 4- 39 | 
E2277 Pegasi 93 11-9 | +16 S7 | 
Esa7s8 fe 7219) \)+ T 44 
32 rr 231900 )/+78 6 
53 23 31:3 | +20 36 
54 ~ 94 94-0 : 4 8 
a7 Hi 22 274 4 11 | 
E " 92 44:9 yu 55 
53 i 29 56-7 | +11 27 
57 i 93 70\/+ 8 24 
78 ; 23 414 +29 6] 
8 Phonics | 1 39 | -46 50 
" 1 63 |-55 31 
a es 23 36:8 | -—46 55 
$5 Pisclom 0 [24 )+ 8-33 
65 " 0 87:3 | +21 10 | 
65 a 0 47-2 | +27 26 
( " 1 11 |+ T 19 
a ‘: 1 6941+ 2 91 
A Piscis Aus. /92 28-7 | - 32 % 
; it 22 498 | ~ 335 
+ 22 58-4 | —39 Pe 





INTERESTING OBJECTS. Maps 3 « 4, 
(A. XXL. Hee to iL Hea Dec. 60°N. ro 60°S.), 








3 
43, 5-2 


44, 78 
45, 85 
43, 10-5 


S aT" 


2 | 194"; 
186": 


. O”-7 1926] B 
; 58 Loe 
*! gg 1O35 
348° | 137-3 1982 


137" 6-2 1928 


166" 9-8 1937, 
360": 4 am 
168" 0-6: 1938 
a78" 87/1986 
3-1 1926 


192"; la 0 1984 


= 1” 41098 
MT a9; 1p25 


207" | 96. 1935) Bina 


49", eq 1884 
257" ars p27 


18" 8 1925 


141) ‘1994 
13: 184 
720) ives 
| 11) eas 


10°: 
1s3*: 


| 108") 11-9 1994 


248") 0°-7 1996 
198*; 32-9 1083 
208"! 1-2! 1994 


357°: 
245" 6-8 1913 
a7" 42/1981 


149°: 118 1926 
193°; 66! 1920 
207°: 4"-5 1986 
63°: 23"-6 1921 
SOB" : a” 1935 
172": 304 1918 


266": 4-3) 1926 
240° 63’ loan 


wae 


a3”: 4 1823 | 


PA. and distance slowly decreasing. 


b 
13: 1938 | 


| Relatively fixed. 


Binary. Period 104 years, 
Gold and blue. 3h yee npn 
bi gaa binary, P.55y. Closing till 1945, 


[Widest 0°-6, 1971. 
No appreciable change. 
Binary. P.A, increasing, distance decreasing. 


ese 


Pp. A. slowly 


Slow binary, PA. motion Test for 
Relatively ized. Yellowish and blue. [2-in. 


Slow retrograde motion ; increasing distance, 


Test for Sin, 
Beantifal fixed pair. Fine for small telescope. 


Binary. Increasing P.A, 
Binary of long period, 500+ yeara, 
No change. Grand low power field, 


Yellow and blues: A is variable, sea footnote, 


Direct angular movement, 
6.5.7, 


ry, period 219 years, Distance increasing. 


PA. increasing. 
Little change, 


Relatively fixed, White and blue, 
Multiple aystem ; distant stara mags. 10.and 11, 


Optical. Distance increasing from p.m. 


Long period binary. P.A. slowly decrsiaiaes 
B has 11 mag, comes ot 2° -9 distance 


Little change 

Binary, with orbit in line of sight. Widening. 
PA. wlowly decreasing. P abt. 150-yrs. 
Ciose double. PA. increasing. 

Relatively fixed, 

fA, increasing. 


Binary. /.A.decressing, 11th mag.starat57", 
Little change, A is variable, [1920, 
Relatively fixed. | 


Relatively fixed. | 

Orange and bloe, Relatively fixed, 

Little change, . 

eee for Din. | 
diminishing 


ia 





Pale green and blue: PA. and 


Relatively fixed. 
P.A, slowly decreasing. 





INTERESTING OBJECTS. Maps 3 & 4 - Continued. 
(R.A. XXIL. Hee To t. Hrs. Deo. 60°N, ro 60'S. 


Variable Stars, 

ErocH 1950. 

Pee. 
R Anodromedz +38° 18° 
RB Aquarii -15 383 
a (Cassiopeie +665 15 
Eg . +51 7 
8 Cephei * +58 10. 
T Ceti =-20 20 
& Pegusi 427 48 
BR Scuiptoris -82 49 





Notes 
Long period variable. 


Var.of mag. 9 Spectrum Period 
56-149 Me 410 days 


60-1) Ma 380 a 





23-31 Ko a Irregular variable. 

53.19 Me | 432days | Long period variable, 
56.45 GQ 5:37 ,, Cepheid. Tm. comes at 41", 
61-70 |} Mb ae Irregular type. 

3-2 -23-7 Ma —— | tia a 

62-88 N | 876days | Long period variable. 


Nebulz and Clusters. (Maps 3 and 4) = ( Volettered Nos, are thos of the N.G.0.) 
224, M3] Andromeda, 0°40°0,4+41°0. The ‘Great Nebula in Andromeda," visiblo as a hnzy spot to the naked 


7669, H.IV 18, Androm. 23° 25™-4, 449° 12". 


457, H.VII 42 Cassiop., 1°16" -0, +58" > 


7789, VI SO), )«6= ss BG, + 66" 20". 
7245, H.VILT 75 Lacer, 22° 15" -1, + 49° 38, 
650, M76, Persci, ... 1°35"°3, + 51° 20. 


598, M33, Trianguli, 1°31" 0, + 30° 24’. 


N.G.O. 7772, 23° 49™-0, +157 59° 


eye. Long, oval, and brightening towards the centre, with almost 
star-like nucleus; photos by the 100-in. telescope resolve the 
outer parte into utara, Assuming ‘red-shift' as due to velocity, 
like all other extra-galactic nebulm it is receding, though ap- 
parently approaching owing to the Galactic rotation. Distance 
approx, 1,500,000 light-yeara: it is the nearest Spiral except M33 
in Trianguium, which ia probably rather nearer. 


A remarkably bright, slightly elliptical, planetary nebula, 92° » 28", 
bluish, With o low power almost starlike; ins 10-in. telescope 
the dusky centro makes it annular, <A 14 mag. nucleus is visible 
in very large telescopes, and clear in photographs, 

A condensed cluster of moderately bright stare 15’ in dinmeter. 
Attending ¢, which is, however, probably much nearer us than is 
the cluster, 


Between pande, <A large cluster of very faint stars. 
A fine, open, irregular cluster, followed by a beautiful field. 


A double nebula, like the ‘Dumb-bell Nebula’ in Vulpecula (Map 13), 
but much emailer. It is a gascous nebula, and therefore belongs 
to our System. 

Very large, faint, ill-defined nebula: central portions the brightest; 
irregular nodosities give it a curdled appearance. Use very low 
power on a dark, clear night. Spiral in photographs, 

Mr. A. T, Young, in Shy and Jslescope, Vol. EXV, p. 14, writes: 
“A 54 minute blue plate taken with the 16-inch Metcalf 
refractor shows a curious little asterism in this position, It is 
o V-shaped group of 12th- or 13th-magnitude stars, with 2 or 9 
slightly brighter ones nearby, The whole arrangement reminds 
one of the brighter members of the Hyades or Praesepe. How: 
ever, there ia no sign of any fainter ‘cluster’ members, Palomar 
Sky Survey prints show that the stars of the V all have about 
the same color, and confirm the absence of any fainter stars in 
the group, The visual appearance of this asteriem in a smal] 
telescope might suggest a galactic cluster where, in fact, none 
exists.” (By courtesy of Sky and Telescope, ) 


*aCephet Thin star in typical of Claas TV. sbort-period Cepheid variables, Ite magnitude varies from about 3° to 4-3 
(range O°7 mag.), and ite period ia 637 days Ite rise from minimum to maximum occurs in absut 14 days, and is, therefora, 
more rapid than its decline, which oocupios about 4 days, and is not uniform, but subject to slight oseillations. Thess changes 
are repeated with great regularity, The variations are thought to be dus to puleations in the atmosphere of the star, but the 


cause of the variability ia still in dou 
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Double Stars. 
Eroon 1950. 
RA Thea, 

590 Andromeda! 2° T=-8 | + 38° 48° 
30 ~~ Arrietiss 2 3d] | +34 26 
. ce 2 465 | +17 16 
' 2 564/421 8 
52 a 3 25/495 4 
wo Aurige 4 65°65 | +37 49 
14 a 5 122 |+32 38 
é = 5 66-3 | +37 15 
¥ Cali 5 26/)-35 33 
1 Camelopardi] 4 281 | +55 48 
66 Ceti 2103 /|- 2°38 
y a 2407 |+ 3 7 
h3S27 Eridani 2 414 /-40 44 

is 2 66-4 |-—40 30 
2 _ 8 Of |- 7 53 
h3i56 ,, 3 107 |-—44 37 
A, AIG an 3 466 |-37 47 
52 in 5 B18 = 5 ii] 
a9 1" 4 190 |-10 33 
fo 1 4 41-2 = B 5S 
‘ Leporis 5 100 |-11 56 
«= “ 5109 |-13 0 
i " 6 26-1 |-20 48 
a Hi 5 80-5 —|T 61 
p  — Orionis 5 10-7 | + 2 48 
B i 6 191 |/- 8 15 
q “ 5 220 |- 23 26 
a3 . 5 266/)/4+ 3 15 
é ce fi 2o-4 )}—- 0 20 
A a 5 $94 )4+ 9 54 
é os 5 330 )—-— 6 37 | 
‘ ” 6 330 )/- 5 66 
7 is 5 36-2 )- 2 36 
t fs 5 58-3 ae ] BT 
62 ” 6 453 1+ 6 26 
q Persei $3 470 | +55 41 
20 . 26506 (+35 8 
« - 5 545 | +39 62 
a Pictoria 4 49°83 | -53 33 
2422) Tangri 3 34:2 | + O 26 
Xx 7 4 196 |4+95 31 
Z559 i. 4 306 |417 65 
a 4 33-0 | +16 25 
272 Ol, 4 304/426 51 
118 . 6 262/435 7 
6 Triangoli' 2 95 '4+50 4 


INTERESTING OBJECTS. Maps 5 « 6. 
(R.A ll. Hee. To Vi Hea Deo GON. ro 60'S.) 





} 205°: 


| Se $3 1928 





& 953°. 


Pid. Dist. Date 


ona 387-7 10 
119"; S*-2i1988 
1”-5 1936 


367", 5"8/ 1085 
295° | 14-5: 1998 
$32" 28 1924 


$10" =" 9 1935 


308". 1o"2 1924 


i 20! 1938 
i 8-8 1924 
" 9"9 1993 
: 31) 1996 
*; T'-Bi1919 
347°: T"Ol1999 
148"; 6"-5 1998 
317": 931983 


360"! 2°68 1996 
313°. 2°65 1996 
156" $8"-5 1920 


63°! TO 1991 
202"; 9°45 1995 
To": 14/1987 
26°; 2° 0: 1922 
360" 52°-8 1928 
ana - aoe | ame 
141"; i as 


ee 3 1999 


207" "4 1934 


| 301" 28" 


237": roy 997 
10" a0: 1924 


8 120. 1917 


65. 1984 
19°-9 : 1984 
Ss" 1924 
121" 3993 
41 51937 
4-8 19299 


25°) 
a7") 

s4°) 
198": 
903° 


eS : 164, 1923 | 


335° 127-8 1903. 


43°) 4°-2 1934] 


Notes 
Relatively fixed, 


White and blue. Relatively fixed, 

There isa 10-2 mag. star at 110°; @. 25° (1915). 
Test for 3-inch telescope, 

Triple, 

PA, very slowly increasing. 

11 mag. star at 11"-1 distance. 


Test for 4-inch telescope. 


Relatively fixed. 


Yellow and biue. Relatively fixed, cpm, 
3-7 mag. star yellowish. Little relative move 
Very slow increase of FA, 

Little change, 

The 59 star is a close double, 0" 5 (1926). 
PA. slowly increasing. 

Topax and green. Fine contrast. 


Relatively fixed, 


Yellowish and bluish, Relatively fixed. 


_ PA, inoreasing, 
“Fine field, 


No change. Other stars in field. 

Higa, The attendant is bluish. Test for Sin. 
-4. slowly decreasing. Test for 4-ineh. 

Relatively fixed. 

Relatively fixed. 

Relatively fixed. Very fine region. 

The Trapestum in Orion. Two other stars a 

Relatively fixed, Nebulous glow, [test for 4-in. 

Fine group with striking colours, § stars in4-in. 

PA, slowly increasing. Teast for Z-inch. 

Test for 3-inch telescope. 


Yellow and blue. Several faint comites. 
Closely f 16Persei, Test for 3-inch. 


oom oom oy 


Relatively fixed. 


Slow change. Probably « binary. 
Relatively fixed. 


Alidebaran. Distance increasing from p.m. of A. 
PA, decreasing; distance increasing slowly. 
P.A, very slowly increasing, 


50. ea! 74° =3°°9'1993! Yellow and bine, Pine pair, 








INTERESTING OBJECTS. Maps 5& & 6 — Continued. 
A.W. Hae to Vi. Hea Oc. GON. tro 60'S.) 


Variable Stars. 
Eroon 1950, 


R.A. Thee, Var, of mag. 


Spectrum | Period Notes 
b 6g=-4! +43" 44° a3 -41 Fip 


27:l4yra. | Spectroscopic Binary. 





« Anrige 4 

o Ceti 2166 |- 3 19) T-946 Me 33ldays | Mira. Long period yariable.* 
R Leporis 4573 | -14 53 60-104 N 430 Hind’s ‘Crimson Star,’ 

a Orionis 5 525/47 Mi) OD-1-1 M1 se RBetalgewas, Irregular variable.} 
U ; 5 529 | 420 11 ]) 84-123 |) Moe | 874days | Long period varinbie, 

p  Persel 3 20 | +88 $9] 33-41 MS | lw: Irregular variable. 

e “ 3 49 | +40 46] 23-35 | 58 2°87 days | Algol. The typica! Algolid.} 

A Taori 3 576 | +12 20 3-3.4°2 B3 | oF 4 Algol eclipsing type. 

KR Tranguli 2340 | +34 3] 58-120 Me 270 ,, Long period variabie. 


Nebula and Clusters, (Maps and 0) = (Unletiered Now. are those of the N.@.0.) 
1912, M38, Auriga, 6°25" +3, 4365"49', A atriling, loose, cruciform cluster, in » glorious neighbourhood. 


1960, M36, - 5°33" 0, +34°7', Am open cluster of stars of mag. 8-14, regularly arranged. 2° /@ Aurige. 
2009, M37, os 5°49" 0, 432°33', Fine open cluster. Ruddy 9th magnitudes star near the centro, 
1068, MT7, Ceti, 240"-1,- O° 15. Small, round, fsintish nebula, centrally condensed, 1"/ 6, slightly 5. 


1976, M43, Orionis, Bb 3a=-f, — 5°25’. The Great Nebula in Orion, visible to the naked eye as @ Orionis. 
. A greenish, irreg ilar, fan-shaped mass, best acon with a low power. 
With higher powers, the bright ‘Huygenian’ region shows o 

mottled appearance ‘like the breaking up of a mackerel sky’ 

(Sir J. Herschel). Locludes the ‘Trapezium’ (see previous page). 


gh] 7=-2 456°65’, , 1° magnificent clusters, visible to the naked oye, and fine objects 
sciatica Beam es . ‘ even in emall telescopes; the diameter of each is about 40’, 
4, VIS, ,, 290" 4, +56" 52, There is a fine ruby star near the centre of 884. 


1039, M34, ei 2°35" 8, 442° 37. A fine loose cluster, just visible to the naked eye; it contains the 
double star 0244. A low power is required to cover the large field. 
1435, Tauri, S845" 2, +239°97, Faint nebula, near Merope in the Pleiades—a cluster which requires 


a vory large field; well seen in finder, Ordinary eyes see six or 
seven stare, but some can count many more. 


1952, M1, Taari, 5°31" 5, +21°59. The ‘Crab Nebula,’ near (, o faint, oval, gaseous nebula. Ite serrated 
outline is visible only in large instrumenta. Diseovered 1731, 
and forgotten; its rediscovery by Mensiar in 1758, led him to 
make his catalogue of 103 nebule. 


* Mira, ‘The Wonderful’ It waseeen as a new ater fore few weeks by Fabriciua{n 1506, and by Bayer in 1408, who catalogued it as 
eCeti., [tis invisible oxcept in a telescope for about § months, sinking toa minimum of 8°5 to OC mag.; then it becomes visible to the naked 
ere for about 6 montha, rising st mazium wally to Srd or 4th mag, but sometimes to bth or 2nd mag. Ite rise is more rapid than ite 
fall, At masdooom the light increases some 1400 times, apparently aa the result of outbursts of hydrogen gas. Mean period 330 daye, with 
large tariations, 

+ Betelgeusr in one of the reddest of the bright stare, Ite angular diameter, measured by the interferometer with the 100-in. teleacope, 
fe about 0" 045, giving an actual diameter of about 500,000,000 miles—large enough to include ensily the whole orbit of the earth. Bince 
the measures vary, it appears that pulastory changes in the wiar's diameter may be connected with ita variability, Betelpeuse has a mean 
density about 1 millionth that of water or pyyy that of alr. 

+ Algol. lia nema, ‘The Demon Star,’ augpeste that ite variability was known to the Arabea centuries ago. It-is typioal of the ‘ dark- 
eclipsing’ varinblea, [ta miaguiteds for about 2c. 11h. is substantially constant af 2°3, bot with o slight secondary fall and rise, of yy mag. 
at half-way ; it then decreases rapidly to mag. 4°5 in about 6 hours, and in another § hours regains ite original brightness, Period about 
“hours, The change of light is due to two eters, one bright, the other faint, very cloas together, revolving round their common centre of 
gravity, and mutually eclipsing each other, A third star in included im the system. 
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INTERESTING OBJECTS. 
(R.A Vi Hes. tro X. Hee O8o. 60M. ro 60'S.) 


Double Stars. 
Erocw 1950, 
Dee. 


R.A. 
9° 28"-6) — 31° 40° 


78 
12-3 
S64 


9-3 
93-7 
23-8 
43-7 
512 
BB‘ 


55-8 
48-7 


43°3 
64-8 
0-2 
28°86 
32-0 


a SSS 


+48 
+36 
+28 


+17 


+24 
+27 
+28 
+30 
+39 


-18 
-16 
-18 


- 61 


44 
10 


19 


46 


42 

6 
57 
46 


a7 


37 
38 
59 
54 
44 


49 


| 307": Lor! '7999 
320°: 1-4! 1987] 
136") "6: 1823 | 


| 63°! ; “175 1980 


) | 160") 77 1988 
 a67"| 3/1920] 


36°: 0". 1925 


340"! 18-9. 1923 


| 331°: OS 1986 
t 1 

: { 

160"! 9’-0: 1935 





Pid. Dist, Date 
rd B'-2 1019 


355°! 78 1993 
ventl 11-2: ipsa 
$6) "91987 


216"; 0: 1934 


a7"; oT | 1981 
339°: 3°91 1926 


qi)" 20-0 1992 
156"! 6"-T' 1922 


ong": 3” 6 1920 
185°; ga3 | | e284 


141"! 079 {936 
81° 25"-7 1908 
75" a si"4 ‘ 1921 


g*; SY4/ 1989 


gt alae 


a30°: 37/1087 
LOT": 13) toes 
307°: O'-4) 1054 
210° 21 1925 








Mars 7 & &. 


Notes 
Relatively fixed. 
Relatively fixed. opr. 
Relatively fixed. 
ep. 


i | , 
108" 0-7 198" { Binary, P.60yeara. Widest 1°-1 in 1960, 


ie 9 9: 1928} 


Third star 5°5 may, at 5-4 distance, 


PA. slowly increasing. d. constant. 
Little change, 


| Yellow and blue: fine contrast. No change 


A, slowly decreasing, Test for 4-inch, 
Relatively fixed. 


Relatively fixed. 
Serius, The Dog Star, Widest 11°:5 in 1975,* 
Yellow and blue, Little change. 


‘Relatively fixed. 


11°3 mag, star of 21” distance 


Yellow and blue. No change, 
PLA, decreasing. Increases in distanos, 


| Relatively fixed. Light test for 3-inch. 


3:2 mag. star is yellowish. Test for 2<inch. 
Castor, Very fine object.t 
Relatively fixed, Delicate pair, 


1" np 8 Hydre, Relatively fixed, 

PA. ineressing, A o close 15 year binary. 
Distance decreasing. Light test for S-inch, 
Close binary. Period 117 years. 

Light test for 4-inch telescope. 


Direct movement. Orbit doubtful. 
6-2 and 6:1 NS en = roe pore, 


+) Light test Gor Finch telescope. 


PA, decreasing. 


Yellow and blue, Grand low power field. 
Beautiful fixed triple star. 


Binary, Direct movement. 
Relatively fixed. 


PA. diminishing slowly. ‘Test for 24noh. 


P.A.inereasing, d. decreasing. Test for 4-in. 

Binary. Period 1124 years. 

10th mag, star at 69° do makes with A., h4136. 

Fine contrast in colours. 

P.A. dlowly es 
Period 34 


Binary. years, 
P.A, slowly increasing. 





INTERESTING OBJECTS. MAPS 7 & 8 -— Continued. 
(R.A. Vi. Hea To X. Hea Oc. 60 N. ro 60°6.). 


Variable Stars. 
ErocH 1950. 
RA Dec. Var.cf mag. |) Spectrom Period Notes 
RT,48 Aurige 6 25"-3| 430° S3'|| 49-59 G | 3°73 days | Cepheid variable. 
R Caner 8 137 | +11 53 ]) GO-11-5 || Me | S62 ,, Long period variable. 
R Canis Majoris 7 172 | -16 18]) 69-67 F 114 ,, Algol type, 
y Geminorom 6 119 | +22 $1) 32-42 M1 a31 ., Long period variable. 
{ e 7 12 | 420 39] 57-43 G | 102 ,, | Cepheid variable. 
R ss 7 #3 | +223 48] GO-193) @ | 870 ,, Long period varinhle. 
KR Leonis @ 449 | +11 40]) 50-105 | Me | 312 ,, . a 
ER Leonis Min. 9 426 | +54 45] 62-120 | Me | 370 ,, és ‘ 
T Monocerotis 6925 /+7 Ti 58-68 GS | 270, | Cepheid variable, 
L? Puppis 7120 | -4 4] 46-62 Me | 140 ,, | Long period variable 
v 7567 | -49 6° 41-49 Bip ! 1-45 ,, | Lyrid type. 


Nebulz2 and Clusters. (Maps 7 and 8) = (Unlettered Nos. art thou of the N.@.0.) 
9682, M44, Cancer, 8°37"-2,420°10. Prawpe (the Beehive) of the ancionta, A large scattered cluster 
almost reaolwed by the naked eye; contains some orange stare. 
Best seen in finder, or with very low power, 
2682, M67 - g*4s=-5, 412" OF. A roughly circular, open cluster of faint stars, diam, 27’. Low 
power object. 


2287, M41, Canis Maj., 6"44™-9, -—20°42', A fino open cluster of bright stars in curves, Just visite to the 
naked eye, There in a ruddy star near the contre, 


2168, M35, Geminorum, 6° 67-7, 424°21', Fine open cluster of bright otars in streams, with many fainter stars. 
Between « Geminorun and { Tauri, a little to N, 


2502,H.1IV45 ,, 7°26" 2,421" 2. Oval planstary nebula, about 25" in diameter, with 9-5 mag, central 
star, 


g244, HV 2, Monocer. 6"3070, + 4°54. Beautiful open cluster of Tth to 14th mag. atars, visible to the naked 
eye. Includes the 6th mag. ‘giant’ yellow star 13 Monocerotia, 
probably nearer than the cluster, 


2506,H.VI37 7 57"-5, -10°27'. Fine cloud of faint stars, mag. 10 downwards in grand region. Best 
seen with low power. 


0437,M46 8 Puppis, 7°39™5,-—14°49'. A beautiful cluster of small stars, about 30° in diameter, On its 
northern edge is the irregular planetary ring nebula 2438. 

2440, IVG4 7 39"6,-18" G A bright, bluish, planetary nebula, ine rich neighbourhood, best sxen 
with « moderately high power, <A 10th mag. ruddy star follows. 


* Sirius, Tho brightest star, Between 1834 and 1844, Bessel found that it had wavy irregularities in {te proper motion, and came to 
the conclusion that the visible star must be revolving round the centre of gravity of itself, and an invielble companion wtar, ino period of 
about 50 years, The somes, of about 8th magnitude, waa discovered by Clark in 1462 near ite predicted place Unless stmorpheria con: 
ditions are good, it is difficult, or impossible, to see it even when widest, though it in sometimes visible ino G-inch telescope, In 1864, when 
clesest (wbout 2") the faint star waa invisible, Tt was next seen by Burnham in 1894 (d.8°°8), and widened to ite maximum distance of 
116 about 1025, Tt is now (1939) rapidly closing, and from 1949 te 1050 will be invisible in all except the largest telescopes. The comes 
jam ‘white dwarf" (Spectrum about FT), only about 1/10,000th as bright aa ite primary, but with amass Jas great. [ta density ix 6,000 
times that.of the Sun, of 60,000 times that of water, Tt diameter is only about 26,000 miles, but it contains almost aa och matter as 
the Sun, whose diameter is $44,000 miles. Vywsotaky (1950) obtained diferent renulta, a mean magnitude of 7-1, 0 diameter of 45,000 miles, 
and — ty only } af that ueually adopted. 

+ Cantor. A fine double and binary star, in slow retrograde motion, with a period of about 350 . The companent «te 
Were af tebe wideou! dintanes apart, 05, about 1890, they are now ancite and will Sealine to de so for wcnsk pana: Both of tha caster 
epectramopic binaries, with periods of about J and 0 dayu respectively. A third faint star, also a close binary, forme part of the anime system, 


i , Tk ni. ie 
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Double Stars. 

ErPocH 1950. 

BA. Dec. 
1 13°38"-3) + 20" 12" 
21606 CanumVen.|12 8-2 | +40 10 | 
2 12 18-6 | +40 66 
a, 12 19 53:7 | +38 35 | 
25 19 35-2) +36 33 | 
h4409 Centanri | 1] 5-0 |-423 22 
178 ll 31-2 |-40 19 
D 12 11-4 | -45 27 
¥ 12 s88|-48 4) 
Q 13 385 | -54 18 | 
N 13 488 |-52 34 
k 13 489 |-$9 45 
h 13 50-3 |-31 41 
¥y 13 506 | -35 26 
9 12 17/421 44 
21639 12 21-9 +25 52 
24 1% 326 /+18 39 
35 12 50-8 | +21 51 
8920 Corvi 19 19-2 |-23 4 
8 12 97-3) -16 15 
T1669 12 38-7 |-12 44 
p 12 §l-7 | -—56 54 
N ll 998 |-98 59 
B ll S04 |-33 38 
OF215Leonis [10 135 |+17 59 
¥ 10 172 |/+20 6 
49 10 32-5 |+ 8 65 
54 10 62-9 | +25 
‘ 11 21-3 | +10 48 | 
Ba 1] 243 |/4+ 3 17 
BS 1] 292/414 39 
90 11 321/417 4 
35 10 408 /+ 5 1 
41 lo 478 |- 8 38 
€ Urse Majoris| 11 15-6 | +31 50 
¥ 1) 168 | +33 22 
57 11 26-4 |) +99 37 
f 13 91-9 | +655 11 
nl 10 99-8 | -44 49 
p 10 446 |-49 9 
21627 Virginis | 19 15-6 |- 8 40) 
17 12 20-0 | + 5 35 
Y 12 39-1 |- 1 10 
a 18 ra|= 5 
81 13 35-0 T 37 | 
Ba 13 40-6 + 3 47 
£1788 13 624'- 7 49 





INTERESTING OBJECTS. Maps 9 « 10. 


A. X. Hae To XIV. Hee 





ah 
6-4 


6°8 
aT 





} 110": 7-6: 
| 186" 15"-1 23 


| 119°! 
| 158": 


| 909") 
| 238" 


Pid. 
1 140", 
323° 
| 260°! 11"-5 1995 
228" 19": 7 199 


4"-7 1925 


967": 


| 1-9 | 1926 
| ga" 


1"*0; 1937 
2"9: 1026 
1938 
J 164"; 5/2: 
| 288" | 181: 


10a"! 1"2! 


237" 3"-9:1984 
332°; O'-O 51937 
971"; 201 | 1988 
118": 0"-9 1937 


986" vg: : 1836 
212"; 24": 2 1026 
306": "4 106 


17" 34-9 1918 
210° 9711/1926 
308"{ 1-2 1932 


; i 
198"! 11 1938| 
4" 1034 | 
og | 1983 | 
6-3 Leas | 
OT | 197 | 
28"-9 1922 
104 ‘1924 

4 1982 


108": 
15": 
150": 
| 326", 


weet rrrrmre erence 


6-4. oe 
| sos" 273 
gga"! 15 1937 
147: 


Tels 
1937 


| 2197: 35 


eg 
| 196": 19"-9: 
ga7°:19"6: 
; oT 


Dist. Date] Rotes 
| 2.4. slowly decreasing, Stare bloish 





1-0! 1995 | 


| 1926 | 


| Binary, P.60y. Closest 0"-9in 1933. Widen. 
79 | 1986 | 
1°; 6-5 11994 | 
| 150° 14-5 1926 


| Teat for inch. 
| Relatively fixed. 
| ‘Test for inch telescope. 


Deo. 60'N. To 60'S), 


A, decreasing. 

Relatively fimed, 

Cor Caroli. Relatively fixed, 

Binary, period 220 yeara, PA, decreasing, 


PA. slowly decreasing. 
Little change. 
Relatively fixed, 

Binary, period 80 years, 
Kelatively fixed. 
Relatively fixed. 

Little change, 
Relatively fixed, 

#_A, inerensing. 


Little change, 


Binary, P.361ly. Widening, P.A, decreasing. 
Yellow and greenish white, Relatively fixed. 


| Long period binary, FA. increasing. 


P.A. is inereasing. 
Relatively fixed, A is yellow. 
Slow increase of PA, 


Relatively fixed. 


cpm, 
P_A. wlowly increasing. 


PA. decreasing. 

Binary, P.40Ty, PA. and distance increasing. 
Little change, 

Slow increase of PA. 

Binary of uncertain period, Closing. 
Relatively fixed, 

Yellow and lilacs, ep.m 

9-0 magnitude star at 63" distance. 


Little change. 
Little change. 


Relatively fixed. [ing to 2" -9, 1980, 
PA. slowly decreasing. Comes variable? 


Misar, Naked eye pair with Alcor, 


Relatively fixed. 
Closing ; P.A, increasing, Fine contrast, 


| Relatively fixed. 
| Relatively fixed, 


A splendid binary star,* 
10th mag. star at 71" distanca 


Binary. P.A, increasing. 





INTERESTING OBJECTS. MAPS 9 & 10 — Continuea, 
(R.A. X. Hera. tro XIV. Hea Oec. 60 N, To GO'S.). 





Spectrum | Period Fotes 
R Me | 533 daya | Long period variable, 
y Peo. “5 ory Argis. Inrregular,t 
T Me 90 days | Long period variable. 
U Nw OCT as Irregular variable. 
z Me 415 darn | Long period variable, 
Ww Me | 384 ,, n bs 
T Me 254 ,, a tt 
E Me 145 ,, _ . 
8 Me ! 372 ,, . i 





Nebulz and Clusters. (Maps 9 and 10) ( Untettered Now. are those of tha N.GC.) 

4258, HV 43, Canum V,,12°16"°5, +47° 34", A large pear-shaped nebula, with nucleus in the southern part. I¢ 
is actually a Spiral with two main arms, and many condensations. 

6055, M63 < 1 13"°6, +4218". A bright, oval nebuls, #' x 3', with central nucleus, An 8th mag, atar 
élosely precedes. In photographs it appears as a Spiral, with 
compact whorls, 

6194, M51 = 12°37" °8, +47°27. The larger of two nebulm nearly in contact. Spiral aa seen in 
i2inch telescope. 

5972, M3 = 13°39" -9, +28° 33. A beautiful, bright, condensed globular cluster, The outer parts can 
be resolved into stars with a 4-inch telceeope, and the whole 
cluster in a 6-inch, with high power, 

$372, A309, Carine, 10*43"-0, — 69°95’. The ‘Keyhole Nebuin,’s diffused branching nebula ronnd » Arghs. 

3533, 4323 rd 1]) 4°°3,-55° 24, A magnificent cluster of stars from 8th-12th magnitude, 

5159, w, Centauri, 132367, -47° 3. Asoble globular cluster, Likes tailless comet, nearly 4th mag. te 
the naked eye. It is 30’ in diameter, and contains thousands of 
12th and 15th mag. stars. 

4501, M88, Comm Ber, 12°29"°5, +1447. A long, bright nebula, 5’ x 2', with bright centre and condensations. 
Many nebulm in this region. 

4565, FV 24, ,, 12°33" 9, +26°16', A much elongated nebula, 15'x 1', with bright centre, and dark 
longitudinal centre streak, The largest edgewise Spiral, 

4826, M64 x 12*64* 3, 4 21°57. The ‘Blackeye Nebula." A bright, oval nebula, with » dark central 
aren of absorbing matter, visible in large telescopes, 

$242, FLIV 27 Hydre 10°22"-3,- 18°93. Planetary nebula, 40" 96", with brighter inner ring, Pale blue 
tint, 2° 8, of yi 

3587, M97 Urex Majoris 11*11"8, +55° 17. The ‘Owl Nebula’ A large, faint planetary nebula, 3° in diameter. 
Large aperture, low power and clear night are required for 
a good view. 


*y Firginis, A fine binary atar withe period of about 180 years, ta orbit in very eccentric, In 1780 itedistance waaS""7. It cloaed 
ep till im 1836 (0"8-0'"5 d.), it appeared single in al] but the Great Dorpat refractor (?}-in. aperture), which clongated the star. The pair 
then widened, becoming an easy teleeenpie object, and reaching ita widest (62) about 1020. It is now (1990) slowly closing, and will 
again appear single, except in large instruments, about the year 2014. 

7 7 Caring, [bh was seen asa 4th magnitude star by Halley in 1677, and oscillated between that magnitude and 2nd till 1814, when 
ft began to rine, reaching Ist magnitude in 1827. It fell to 2nd magnitude for about § yeara, rose to mag. 0 in 1834, outahining Migel, 
faded somewhat, and then, In 1843, became mag. - 1°), about as bricht as Canopus, From that mazimom it declined till it became 
Invisible to the-onked eye sbout 1806-68, 7th mag. 1870. Since than it has not changed much in brightness. It has » peculiar spectrum 
with bright Hines, and should, perhaps, be classed with the Norm 
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INTERESTING OBJECTS. MAPS 11 & 12. 
(R.A XIV. Hes. To XVII Hee Dec, 60'N, Tro 60°S.). 





Double Stars. 

Eroon 1960, 

Rl. Dee. 
i Boatis 1145117) +63" 
rt - 14 144 | 451 
Z1e35 Oi, 14 209/48 
rT A 14 38-4 | 416 
( cs 14 38-8 | +15 
‘ i 14 42-8 | 427 
39 “o 14 48-0 | +48 
£ *. 14 49-0 | +19 
44 - 16 22 |) 447 
i is 16 135 | 433 
pe at 15 32:7 | +37 
L5895 Centaori | 14 190 | - 68 
» «Coron Bor.) 15 21-1 | +30 
( 15 375 | +36 
g i 16 128 | +33 
17 Draconis [16 35°0 | +53 
a i lf 4-3 +64 
¥ . 17. 31-2 | +55 
x Herculis 16 G8) +17 
3 16 39-4 1431 
E4310T ss 16 498 | + 98 
a . 17 124 /)414 
8 ¥ 17 180 | +94 
Pp " lf 220 | +37 
E915 i 17 449 | 417 
90 " LT 617 | +40 
55 he LT 69-4 + 31 
7 = Lup 1S 17 | —46 
“ ‘ rh 150 | —47 
p Ophinchi | 16 92:6  — 23 
A et 16 28-4 - 9 
21 a] 16 48-9 + 1 
A, 36 1" ly 12:3 | —96 
a9 i 17 16-0 — BA 
T " 18 04/- 6 

| 

& Seorpii [16 1:6 |=11 
p i 16 25 | 19 : 
¥ " 16 O-] | -—19 
r " 16 18-1 |—85 2 
a ft 16 26"h — 36 
21919 Serpentis }15 10% | +19 
5 = 15 168/41 
é - 15 32:4 |410 
B ~ 15 43-9 | 415 
21833 Virginia 14 260/. 7 
* i 14 26/- 9 0 





| 161": 96 1913 
























1 994°) 6-6! 1887 


] 237°: 132 1985 
33") 38-4: 1eg9 
190°; 6"-4: 1995 
106": 58-1996 
133"! 1*1 19g6 
}$4") 28 1931 
45°) 33: 1999 
} 13°} 48: 1937 
} 248"! 2"-65 1997 
To"! 105”: 1923 
| 181938 


988" 041087. 
304") 6°-3: 19as 


} 111"; 3"-5 1926 
102°) 2"-3! 1938 
312° 61"-9 1924 


12° =29""5 | 1986 
304"! OB! 195 
|} SO": O"8!1920 
} 119°: 4°4! 1994 
208" :11°-0' 1996 
1316": 3°-8 1026) 
289": OB load | 
123°; 1-7: 1984 


‘9 || 259": 62 1936 


|s4e". 1"-8 1936 
E 

78"! 1-5: 2934 

| 150"; 1*-6 1995 


$50") S°-4 lea 
181"} O"-5 1938 


} 148": O'8 19868 


}180°; 43/1995 
| 355°| 108 1985 


| 266"; 2° 1936 


205°} 17-2) 1037 

S96" 41h: 19e5 

979" 2031916 

} 275"; 3"-0: 1935 
| 

10° | 24"-2: 1936 

a7 LI"O: 1928 


} 181°: 3°86) 1997 


265° :90"-5 1998 
174") 5-0 1996 


T4110" 47 1994 


)?.4. Diet, Date 

















og": 13-8 1925. 


Motes 
Little change, 
Relatively fixed. 
Coma n clowe binary. Period 40) years. 


| P Avslowly increasing. Probably a physical pair. 


Binary with very eccentric orbit. P- 130 pra, 
f Pulcherrime of Struve. Yellow and blue. 
P.A. slowly increasing. Teast for 2-inch, 


Binary, P.152 pra. d. increasing to'?"*2 in 1989. 
Binary. P.205 years. Highly inclined orbit, 
No change since 1923, [ Closing. 
Binary. Period about 230 years, p! at 109” a. 


= 4159. Relatively fixed, 


Binary. P.4iyre. Widening to 1"-1 in 1950, 
Beautiful object, Little change, ; 
Binary, Very long period. 


16 Draconis, 5-0 mag., 90'4 distant, 
Binary of very long period. Pd. decreasing, 
wand v ¢p.m. Fine object. 


Little change since 1822. 

Rinary., Period 34 years, Widest 1"-6, 1954. 
Long period binary. Widening since 1900, 
Orange and greon; Aisvariable, Little change 
Anopticnl pair. Distance diminishing, 

Very alow increase of PA, 

PA, slowly decreasing. 

Gold and blue, 

Very little change in either P.A. or distance, 


Test for 24-inch telescope. 


PA. decreasing. 
PA. decreasing. 72 mag. star 24” af. 


Binary, Period 155 years. Closest in 1945, 
Test for 6-inch telescope. [tance, 
Binary of very long period; slow change of diw- 
Orange and blue, Fixed optical pair, 

Binary, Period 224 years, 

Binary, P.44dyru. 7-2 mag. starat 7-4, 1996, 
A hos a close comes, mag. 8°, at 0-8, 1927. 
Both A and B are close doubles 

No change since 1822. 

Antares, Kedand green, No certain change.* 


Relatively fixed. 

Very near the nebula M5, 
Binary. /.A, decreasing, distance increasing, 
Relatively fixed. Test for 24-inch, 


Little relative mation, 
Teat for Finch tolesoope 








INTERESTING OBJECTS. MAPS 11 & 12 — Continued. 
(R.A. XIV. Hee To KVIIL Hes, Deo. 60'N. To 60'S). 


Variable Stars, 

Erocn 1850, 

ae Doe, Var.of mag. » Spectrum Pariad Notas 
KR Bodtis 14*35"0) +26" 67] 6-0-1390 Ma 222 days | Long period variable, 
a,W a3 | +26 44 59.61 EB | es Irregular variable. 
BR Centauri 130 | -59 41] 53-13 | Me 560 days | Long period variable, 
8 Coronm Bor. / 193 | +31 33 61-12 Me S61 ie . 
R 464 |) +28 19 58-125 Pee one Irregular variable, t 
T - 5 574 | +26 4 20.95 Pes ve “ ae 
30,¢ Herculis 270 | +41 509] 47-60 Ma ce z fe 
8 - 497 | +15 29 6-9-1235 Me | 300 days | Long period variable 
« és 124 | +14 27] 34-30 M2 oe Irregular variable. 
68, u 165 | +33 9] 48-5-4 BS | 2:05 days | @ Lyre type. 
8 Libre S83 |- 8 19] 48-62 AO | 233 ,, | Algol type. 
U Opbinchi | 140 | + 1 16 67-67 BB 168 ,, * rs 
Y “ 500 | - 6 8] 61-65 GO fl Cepheid type. 
X Sagittarii 445 | -27 49] 43-590 F8 TOl " a 
RE Scorpii 534 | -30 30] 56-113) Me | 279 ,, | Long period variable. 
R Serpentis 5 484 '415 179 65-154 Me | 357 , Long period variable. 





Nebul# and Clusters, (Maps 11 and £2) = (Uolettered Nos, are thove of the N.G.C.) 


6205, M13, Herculis, 16°39"-9, +56°33, The'Great Cluster in Hercules'—a grand globular cluster of thousanda 
of stars, just visible to the nuked eye, about 4 the distance from 
yto” Centrally resolved in 6-inch telescope. 

6210, =5N < 16°42" 4, +23°54. A small, bright, planetary nebula, with a blaish disc about 8" in 
diameter, and surrounded by a faint glow. «ep 51 Heroulis, 

6341, M92 ve 17°15" 6, +43°12.. Avery fine globular cluster, about 8 in diameter, resembling M13, 
but amaller and closer, It formes triangle with r and », 

6067, A360, Normm, 16% 9°-4,-G4" 5’, A large rich cluster, 90’ in diameter, composed of stars of 10th-15th 


magnitude, 

6273, M19, Ophiuchi, 16°59" -5, - 96°19’, A fine globular cluster, 5’ in diameter. Very low in the latitude 
of British Isles. 

6494, M23, Sagittarii, 17°54" °0,-19° 1. An open closter, 47’ in diameter, with stars of 9th-13th mag, Fine 
low power field. 

6093, M50, Scorpii, 16° 14"-1, =22°51". A bright, and much condensed globular cluater, A mass of faint stary, 

6121, M4 ‘ 16°20" -5, - 26°24". Easily resolved cluster of rather faint stars, 13° in diameter, 

6405, M6 a 17°36" °7, -32° 10. A most beautiful open cluster of stars ‘like a butterfly with open wings,’ 

6475, M7 7 17°50" -7, —34°48', A brilliant open cluster of bright stars, visible to the naked aye. 


6004, M5, Serpentis,  16°15= 9,4 2°16". A fine globular cluster, 15' in diameter, composed of 11th-15th Haag, 
utars, with much-compressed centre, Closely np 5 Serpentis, 


* dntores wes eo homed by the Greeks from fie similarity to the ruddy Mara (Greek, Ares) in regard to colour. It is a very luminous. 
‘super-giant' star (Spectrum M0), with = diameter of about 470,000,000 miles. Ita comes, green in colour, ia not usually seen except when 

+ BR Corona Borcalis, For several years, sometimes aa many aa nine, this star remaine af ite normal brightness of abowt th magnitude, 
Then ft decrauses rapidly by several magnitudes to « minimum magnitude of 12-5. After a short time, or after several years, during which 
minor fluctuations occur, it rlees ngnin te ite perma) brightnoons, 

:T Borealie——tho ‘Bisee Star,’ In May 1466 thin star rose euddenly from §-6 to 2nd magnitude, Nine days later it became 
invisible to the naked eye, and after afew weeks it fell to the Jth magnitude It revived to 7th magnitude and then decreased to 9°6 
and after being invisible to the naked oye for nearly 60 years, it row to Srd mag. on Feb, 6, 1949, but again faded rapidly. 
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Double Stars. 
Eroon 
RA. 
120) Aquari 21" 14) - 
Z2MO4 Aquila 18 48-4 
il _ 18 56°3 
73 vt 19 160 
22533 - 19 27-7 
: 4 19 46-4 
a!,a? Capricorni) 20 149 
al = 20 153 
T = 20 24°5 
p ‘ 20 26-0 
o a 20 27-0 
E2780 Cephel 21 105 
b5014CoronzAus. 15 3-2 
« ‘ 18 29-9 
¥ “ 19 $1 
E2486 Cygui 19 10:8 
B i 19 28°7 
16 a 19 40-6 | 
& ni 19 43-5 
Ni si. 18 544 
E2671 ks }20 172 
49 ‘i j20 39-0 
53 ta a0 43-6 
61 ps 21 44 
t si 31 128 
¥ Delphini 0. 44-4 | 
39 Draconls | 18 23:2 
«1 Equatel [20 56-6 
100 Herculia (18 56 
Taeeo ys 18 79 
@ Indi a1 163 
a Lyre 18 36-3 
a! A 18 423°7 
el = 18 42:7 
c a 14 43-0 
" . 19 120 
70 Ophinchi (18 24 
E2276 te 18 34 
« Pegasi 21 42-4 
al Sagittarii | 20. 20-5 
59 Serpentis | 18 24-6 
T9375, 18 430 
a cs 18 53°7 





INTERESTING OBJECTS. Maps 13 « 14, 





(R.A XVIIL Hes. ro KXIL Hae 


192"! 28. logs 
2 3"-4 1936 


57, 92 | 275": 16"2 1995 


 §-4 1980 
e 53°5; }oes8 


291". 876"... 
158": Pr 1094 


1, 67 145"; 3Y-4i 1926 


54, 59 
60, 71 


47, Tl 





1168": -9°-9:1035 


a39” 21'-9 1923 
ne 1-1 | 1933 


359° 21"6. 1H13 
67". ad: 1085 


16" gr-9 1926 
55°: 34-6 1984 
134°: 38": 5 1924 
| 263° : 1-9 1926 


B38"; 34: 1024 
46": a8 1095 
65": 6" 4) 1826 
1° 2") 1938 


}188" 141. ‘1985 


236° 8, 1936 


a7g" Bd | 1936 
f ; 





0-3, 10-5 169": BG | ae 


46, 6-3 ] ; 
49, 5-2 | 111"; 
160°! 497 1e84 


42, G5 





6°: “ol 
2": ‘3 a 


40, 81] 83": 987-2 1928 


43, 6-0 | 


6-0, 70 
3-9, 108 
60, 78 


SG, 78 


40, 43 





118" 6G 137 
}258": TL Lose 


| 296": 12"-9 1994 


228") "1 1036 


| 317) 3"-9 1991 
62, 66 ] 116" a4 1oa6 
| 103": 99-3: Loae 


PA, Thiet, Date | 


Ls" ae 1937 | 
Naked eye pair, 


gai" 1-6 1933 


Lig; a1) (1937 | 





Dac. 60°N. To 60'S). 


Botes 
Test for 2-inch telescope, 
Relatively fixed. 
Optical pair, Test for 2-inch telescope. 
Comes best seen with high power, 
Light-test for 21-inch telescope, 
Little change. Test for 3-inch telescope. 


a’, 9 mag, comes at 45", 
B iso i doable, Test for 6-inch. 
Relatively fixed, 

Distance and PA. slowly decreasing. 
Relatively fixed. ¢.p.m. 


Test for 4-inch. P.A. slowly decreasing, 


Binary, period about 200 years, 
Relatively fixed, 


Binary, period about 120 yeara. Test for 2-in 
Beautiful field. a.p.m, 

Yellow and blue, Grand contrast, 

oI. 

Long period binary, 32] years. Teat for 4-in. 
Slow decrease of PA. and distance, 

Test for 2-inch telescope. 

Yellow and blus, 


Tn the branching nebula 6960, 


Test for 24-inch telescope. 

Distance inoreasing from 16", 1780.* 

Binary, period 49 years. 

Yellow and emerald, 

Triple star. 

Triple. A+B forma close binary. P. 101 yra. 

Decreasing PA. 

P.A. decreasing, distance increasing. 

Fega. An optical pair. Distance increasing, 
The “Doubledouble.” e! and <? are at 205" 

; distance; each is a binary, 

Relatively fixed. 

Three other amall pairs in « low power field. 

Binary, P. 88 yra, Widest 6°-7, 1935. Closing. 

Relatively fixed. 

P_A, incressing. 

Relatively fixed. 

Test for 2j-inch telescope, 

Fine pair, ¢.p.9n 








INTERESTING OBJECTS. 
(R.A. XVII. Hee To XXL, Hee. 


Maps 13 & 14 — Continuea. 
Dec. 60'N. ro 60°S.). 





Variable Stars. 
RA Des, ) Varcofmag. [Spectrom | Period Notes 

KR Aquile ist au) + 8° Of 6-8-120 | Me $10 days | Long period variable, 
U - 19 366 | - 7 Of 6-2-649 Go TH Cepheid type. 
¥ s 19 600 | +0 53] 37-45 | Go | 718 ,, ‘ - 
Bp  Cephei 21 41-0 | +58 35 a7 -47 Mil =a Irregular variable, 
SU Crgni 19 43-6 | +29 62-70 FS 38 days | Short period variable, 
x "A 19 486 | +323 468] 43-137 |] Mep | 409 ,, Long period. Mira type. 
x = 20 415 | +35 25] 69-70 Fip | 164 ,, Short period variable. 
ec: 91 341 | +45 50-67 | M3 | 132 ,, | Long period varinbla 
B Lym 18 482 | +33 18) 34-41 | Bap | 1291 ,, | The typical Lyrid variablet 
RK ie 18 53D | +43 S53] 40-47 M2 46-4 ,, Irregular varinble, 
5S Sagittz 19 53:8 | +16 30 54-6-1 G0 S338 ,, Cepheid type. 
W Segittari 18 18 | -29 35] 48-58 | FS | 7-59 ,, wi & 
¥ . 18 186 | =-18 63] 6-4-65 GO OTT is s- a 
R  Scuti 18 449 | = 6 46] 47-7 Gp ra Irregular variable. 
T Volpecule 20 49-3 | +28 S|) 5-23-64 Fé 4-44 daya | Cepheid type, 

Nebule and Clusters, (Maps 13 and 14) —(Unlettered Nos, are those of the N.@.0.) 
7009, HIV 1, Aquari, 21" 1-4, -11°34", The ‘Saturn Nebula.’ A very bright, bluish, planctary nebula, 


7089, M2 


7092, M39, 
6720, M57, 


6572, 26, 


7078, M15, 


21" 30"-9,- 1° 4", 


3 | 
Cygni, 21° 90™5, + 48°19". 
Lyre, 18°53" 0, +352° 58. 


Ophiuchi, 18> 10" +2, + 6°50’. 


Pogasi, 21°27" 6, + 11° 57". 


25° x17". The thin rays or ansae are seen with large telescopye 
only. Precedes rv. 

A globular cluster about 7’ in diameter. A fine object in large 
telescopes. 


A large, open cluster of bright stars, well seen with low powers, 

The Ring Nebula’ 4 the distance from 8 towards y. An oval, 
planetary, 80" « 60", which bears magnifying well. A faint star 
Jisseen ins 4-inch, The fainter central star is visible in large 
instruments only. 

A small, but extremely bright, elliptical planetary nebula, 7” in dia- 
meter, of a bluish colour, It is, perhaps, the brightest of ite kind, 

A grand, bright, condensed globular cluster, 6’ in diameter, blazing 
in the centre, 


6523, M6, Sagittari, 18" 0-6, - 24°39’, The' Lagoon Nebula,’ visible to the naked eye. An ill-defined nebulosity 


66168, M17 


6656, M22 


6706, M11, 


18" 16" -0, — 16° 12’. 


18* 33" -3 -— 23° 57", 


Scot, I8*48"-2, — 6°20. 


6853, M27, Vulpeculx, 19°57" 4, + 22° 35°. 


with dark patches and stars, followed by an irregular open cluster. 

The ‘Omega’ (2) or‘Horseshoe' Nebula. A bright and large nebula, 
in shape something like a figure 2, with a long, bright bottom 
streak, 


A large, bright, globular cluster, about 15° in diameter, between j 
and, The larger stars ore roddy. 

A grand, fan-shaped cluster, with bright star at apex. Dark 
structures to the south, 

The 'Damb-bell Nebula’ An ollipse with faintly luminous notches, 
Seven stars—probably unconnected—are visible in a 10-inch 
instrument, 


* 61 Opget. The first star to have ite paralias determined, by Bessel in 1832. The two stars probably form « leng period binary syutem, 
since they have the same parallax, and the path of B relative to A is alightly concave. 


t Alyra. The 


*Lyrid’ or 'Bright-eclipsing' variable, [t bas two unequal minima (mags, 3-8 and 4-1), separated by two 


equal maxima (meg. 54). The variations of light are due to the mutual eclipse of two unequally bright stars, very close together, and 
ellipsoidal in shape as the rewult of tidal distortion. Period 12°9) days. 
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Double Stars. 

Eroonw 1950, 

A Dac. 
T1286 Apodie =| 14"48-1] — 73° 
L7507 18 63 | —73 
0 Carine 8 145 |—69 46 | 
h4135 " A 38°32 | —60 
L3sd6 is 9 176 | -—74 41 | 
h4213 ‘i § 24:3 | -61 44 
u i 9 doo | — §4 
h4306 tt 10 176 | —64 26 
hasss 10 B20 |-70 27 
Rly, 10 57-2 |}-61 8 
Cor 33 Centauri [14 114) -61 28 
a. ie l4 36-6 — §0 
& Chammleontis}! 10 45:3 | -80 12 
‘ =F) ll 67-0 | -77 
a Circini [14 58-5 |-64 45— 
F Crocs 12 33-7 | —62. 49 
é EF i 13-7 | — §0 
h3S68 Hydri $ 90 |-79 
h4432 Musee ll 214 | -64 
L4920 rr ll 494 |-64 56 | 
h4a9s 12 38/65 26 
é as 13, 409 | —65 
h4813 Norms Lh 613 | —60 
Ras Octantis 3 60'S | — Bh 
A " 21 43°56 ae 57 
€ Pavonis |18 186-6] 31 
Ral4 it 18 43-6 |-735 
L&S50 a 9 475 | —62 87 
L&625 a 41 40)=T73 
15 Pictorin, | 6 37-5 | -61 28 | 
6 Reticuli 417 | 93 
h3670 - 4 33-1 | —§2. 56 | 
L6477 Trinng. Aus. Lh 45°8 |—65 17 
h4soo =, = | 18 BOT | 60 36 
6 Tucane | 0 99:3 |-63 14 
a * 1 40) -69 4 
bh3426 ‘ 1 15:3 -—66 40 
é tt 22 23-8 |—65 
1340 a 23 49-0 | — 63 
y  Volantis | 7 9-9 | -70 
b 2997 Pa 7 364 |) =74 10 
( a 7 42-3 | -T72 99 
£ ab 8 78 — 648 a5 


INTERESTING 
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OBJECTS. Maps 15 & 16. @ or -e0 ps 


(CimcumpPotar, Sourw). 


Pa. 


813°, 
843°: 
g97°! 
128") 
135") 
985" | 
79": 


160" 
310" 


107": 
| 243°. 


64" 


i ag: 
; i 


g99°: 
Wi") 


Dist. Date 


19. 1996 | 


2"0 : 1f26 
3”6 1917 
15} 1934 
70/1986 
BB 1917 
5-0: 1926 
2-0 1918 
16 :1917 
3"-95 1927 


4 
3”-0 1920 
4°-1 1986 


; 05/1996] 
| ra aa 


ie t 1926 


a7". 264 iTa22 


1 1918 


: a5 | 1918 
* 18/1915 


B75 1918 


* 13) 1994 
|B" 7 1088 


| #78 1927 
| gaara 


3°] | 1986 


| 85) 1088 
 aolions 
27 1996 


g"-1 1901 
1La26 
‘2917 


“B26 
i994 


‘1 1976 
“4 1920 
; ao 
1916 
1937 


1g7: 
0: 


1922 
1080 





“1917 | 


Notes 
PA, increasing. 
PA, increasing. 
Little change, if any. 
#4. and distance slowly decreasing, 
A is s close double; distance 0-4, 1997. 
Relatively fixed. 
ep.m. Relatively fixed. 
Little change, 


= Cor. 167 (Innes). 

Splendid at FP. 80 yra., Ind nearest star 
P-A, increasing 

Slowly ee PA. 


Relatively fixed, Test for 1-incn, 
Decreasing PA. 

Relatively fixed. 

PA, increasing slowly. 

Little change, if any. 
PA, imereasing. 
Relatively fixed, 
Relatively fixed, 


No change since 1877. 
PA. decreasing. 


Little change, Colour contrast. 
P_A. and distance increasing. 

=KRmk 26. P.A. slowly decreasing. 

A doubled by Innes 1898. Not seen, 1900. 


7 


ep, 
Little change, if any. 
=Sellora 11. b's comites 9th mag. at 43° and 


‘Superb Object.’ 6th mag. atar at o”-2, 1995, 
Low power field includes 127, close binary. 


opm 


Relatively fixed. Colour contrast. 
PA, decreasing. 

No appreciable change. 

PA, slowly increasing. 

Relatively fixed, 


Little change. A is a spectroscopic binary. 




















INTERESTING OBJECTS. Maps 15 & 16 — Continued. 
(CiscumPoLaAR, SouTH). 


Variable Stars. 


Erocn 1950. 

BAL Deg Period Hotes 
6 Apodis 14° o=-5 | -—7T6" 33 _ Trregulor variable, 
R Carine 9 S10 | -62 34 $09 days | Long period variable. 
] = 9 4909 | -62 17 35-5 ,, | Cepheid type. 
8 a \10 T8 | -61 19 4 Long period variable. 
R  Doradiis | 4 363 | -62 10 360 =, . i 
Ro Musee 12 390 | -69 8 O88 ,, | Short period variable. 
n Pareais 18 518 | -67 18 | 910 ,, | Copheid type. 





Nova Pictoris, 1995. 6° 35"-9 -— 62°35’. 

Discovered by R. Watson, in South Afrien, in the early morning of May 25th, 1926. From its magnitude of 
2-3 on that date, it rose to mag. 1‘Ton May 26th, but by next day had fallen to below 3rd mag. It then brightened 
again, reaching mag. 1-1 on June 9th, fell to mag. 4 on July 4th, and rose again to mag. 19 on August $th. From 
that brightness it fell, with minor fluctuations of light, till on Dee. 25th it was about 6th mag, In 195 it waa 
about 9th mag., at which it had been for some years, In March, 1928, it was found to consist of two nebulous 
components about 0°-5 distant from centre to centre. 

An examination of photographic plates, that had been taken before ite discovery ass Nova, shewed that it 
had been of about 12th mag. (1911-1925), and had risen to 3rd mag. on April 13th, 1926, 

The position of the Nova in about 7° from the NE. edge of Nubecula Major and in Galactic Latitude — 26°, 


Nebula and Clusters. (Maps 15 and 16) == (Unlettered Nos. are how of the NGC.) 
9808, A265, Carinm, g*11=-0, —64°39’, A large, rich, globular cluster of 13th to 15th mag. stare ‘like the 
finest dust,' 5 in diameter. The centre is o blaze of closely- 
8766,4989, Centauri, 11833"-9,-61°20', .A fine cluster, visible in a binocular, containing at least 200 stars of 
8th to 1Sth magnitude. 


4755,4301, Cracis, 19* 50" -7,-60" 5’. Surrounding « Crucis, o fine red star, A brilliant and besutiful 
cluster of over 100 stars of various colours ‘like a superb piece of 
jewellery,’ 

2070,4142, Doradis, 5°39" +1, -69° 9. The ‘Great Looped Nebula’ round 30 Doradts, A large and bright 
nebula, extremely complex im structure, It is visible to the 
oaked oye in the larger Mugellanic Cloud, or the Nubeculn Major, 

6752, A995, Pavonis, 19° 6" -4,-—60° 4°. A large, bright, glebular cluster, 15 in diameter; stars from 11th to 
16th mag. 

6025, 4304, Triang. Aus 15*59"-4, - 60°31". A bright, open cluster of stars from the 7th magnitude downwarda, 

104, A418, Tucase, O*21= 9, —72°39', 47 Tucanm. A most glorious cluster of 12th to 14th magnitude and 
fainter stars, the central portion being much compressed. Visible 
to the naked eye as a hary Sth magnitude star near the Nubecula 
Minor. 

862, A692, - 1® o=-7, -71" 6, A globular cluster, 10’ in diameter, of 13th to 14th magnitude utarn, 
with » contral blane of clossly-packed stars. It is just visible to 
the naked eye as a 6th maguitude star. 
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INDEX TO THE CONSTELLATIONS. 


With the number of the Map in which each is shown, and the approximate dats of culmination af 
a point om its central hour of Right Ascension at 8 pm. and Midnight, 


For each Hour earlier or later than 9 p.m. or midnight— 





Harlier—Add 15 days to dates given below, 
Later—Subtract 15-daysa from ,, 








Same of 
Constellation 
ANDROMEDA dAndromede| § 
Asti! ,.. -. Antio|} 8, 10 
Arust .. .. Apodia| 16 
Aquaniua ao. Aquarii} 4, 14 
AQUILA ... -. Aquile | 18, 14 
Ama fis o» Are! 12, 16) 
Anago" (See Carma, VELA,! § 10, 
and Purris) 16 
ARIES ous -++ Aristin! 6 
ATEHIOA 4... « Aurige| 5, 7 
Boorma ... w. Bottin) 11 
Oarnim! ... cee Com 6 
CAMELOFARDUS!Camelopardi| 4, 2 
Cancun ow. Concri] 7 
Cannes Vewartor! rn | 6D 
Canis MAJOR Canis Majoria| § 
Canis Miwon Canis Minoris| 7 
Carriconnva Capricorn | {4 
Canma! ... --- Corinm | 8, 16 
Casaloreia Camiopeim | 2, 3 
Carravecs ---Oentaurl | 10, 16 
Curnnvs ... a Cephei; 2 
Cervus = sa oo» Ceti) 4,56 
CoamanLeon! Chameleontia| {6 
Creomust +» Cireini) 16 
Oouummat Columbe| § 
Coma Banzsrcust "| 9 
Conowa Aversana oc" ..| 14 
Conona Bonzaus G%,,| 11 
Qorvos ... w- Oorvi) 10 
OmaTee .. os: Crateria| 10 
Cauz' ... -. Crucis} 16 
Craxva ... es Oygni| 13 
DeLrxinus «-Delphini| 18 
Donapot ... ..» Doradie | 16, 16 
Draco ... «-Draconie| 1, 2 
EQuuLeva . Equulei} 13 
EqipaNvs... ws Eridani| 6 
Forsax! ... vos Fornaio 6 
Geum... Geminorom 7 
Geos! ... «» Gros} 4 
Hercunes «+-Herculis| 11 
Honoioerot Horolegit| 6, 15 
Hyona ... +» Hydre| 8, 10 
Hrpavst... . Hydri! 15 


* The ancient constellation of Ango Navi is now divided! inte the separate constellations of Cana, V 








Apr. 
July 
Oct, 
Ang. 
July 


Nov, 23 | 


10 


| Apr. 


ak —— x. Tate | 
pm | Midnight | 


Oct, 9 | 


Feb. 24 


May 21 | 


Aug. 25 | 


July 16 | 


June 10 


Oct. 30 
Doe, 21 


May 2 


Dee, 1 
Dee 93 
Jan. 30 
Apr. T 
Jan, 2 
Jan. 14 
Ang. § 
Jan, 31 


| Oct, @ 


Mar, 30 | 
Bept. 29 | 


Oct, 15 
Mar. 1 
50 
Dae, 
Apr. 2 


18 | 


June 90 || 


19 


Prxst... 
Rerioviest 
SAGITTA 
SAGITrarrus 
Soomriva 
Scuteror! 
Bourum! ... 

SERPENA ... 
Suxtanat Bexiantia! 9, 10 
Taunue ... oe = "Tauri 5 
| Tenescorrom' Telescopii| 14 
TuaxocLoM Trianguli 3 
Pree: Sel 48 
Tocama! ... oo» Tucanm| 15 
Unsa Mason Urew Majors! 1, 9 


| Oran 


For each Week earlier or later 


#arlier—Add 28 minutes to 9 p.m. or midnight 
feter—Suobtract ,, from ,, " 


Onion 
Pavot 


Unsa Minok Urem Minorin| 1 





| Vaenat ass Velorum| &, 10 | Mar. 30 | Feb. 13 
Vingo ere Virginin| §,10 | May 26 | Apr. 11 
Vouane! .., Volante! 16 | Mar, 4) Jan. 18 
Vourecunat  Vuipeculm| 18 | Sept, 8 | July 25 


tia, and Porrm, but only one 


sequence of Greok letters is used in the three constellations, Cameoranoon is given o CaMenoranbalm te the LAU Hat, 
* Constellations ao marked have bean added alnee the time of Piolemy (about aco, 160). 


SOUTHERN aE MAP 





EPOOH 1950 isn the marjia of the 





